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Disclaimer 
The following footbridge design project was completed by undergraduate students in the 
Civil and Environmental Engineering Department of Michigan Technological University. 
The students worked under the supervision of faculty members but, the contents of this 
report should not be considered professional engineering. 
 
*DO NOT CONSTRUCT THIS FOOTBRIDGE UNLESS PLANS HAVE BEEN 
APPROVED BY A PROFESSIONAL ENGINEER 
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1.0 Executive Summary 

In August 2011, the team traveled to Panama as part of the International Senior Design program 
at Michigan Technological University. 36 SB (switchback) Consulting was formed while 
collecting data for the potential footbridge and is named after experiences while in Panama. The 
following report presents the background and assessment of the potential bridge site as well as the 
footbridge design that was completed in the fall of 2011.  

On the assessment trip, the team actively engaged with the communities of Tijera and Chichica. 
The local people want a way to cross the Quebrada Tinta River in order to safely commute 
between Chichica and Tijera year-round. Interviews with members of the communities were 
performed with the help of a Peace Corps volunteer in order to clearly understand the background 
and need for a footbridge. Based on this information, the necessary data for designing a 
footbridge was collected during the assessment trip.  

The current design is a suspension type footbridge that spans the river near the existing crossing 
between Chichica and Tijera. Components consist of concrete foundations and anchorages, steel 
cables, steel towers, and a steel/timber walkway. The decisions for this design were based on the 
communities’ desires and the feasibility of such a design. 

The team will be submitting this design to the Peace Corps volunteer living in Chichica as well as 
collaborating with Bridges to Prosperity in an effort to move forward with the construction of the 
footbridge. 36 SB Consulting intends to fulfill the needs of the communities by providing a 
sustainable and affordable footbridge design that can be constructed by the people of Chichica 
and Tijera. 
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2.0 Introduction 

36 SB consulting is comprised of Yingying Jin, Deanna Larson, Haobo Ma, Michael Rood, and 
Stephanie Watts-Garcia, all of which are Civil Engineering undergraduates at Michigan 
Technological University (MTU). The team is part of the International Senior Design Program at 
MTU. During August 2011, the team traveled to the country of Panama and visited a community 
in rural Western Panama to assess a possible footbridge site location.  

Panama is divided into nine provinces with three additional land areas outside these provinces 
called comarcas or regions. These three comarcas, known as the Kuna, Emberá, and Ngöbe 
Buglé, are home to the indigenous peoples of Panama. The footbridge project is located in the 
comarca Ngöbe Buglé where the indigenous people are part of the Ngöbe Buglé indigenous 
group. The footbridge would help the Ngöbe Buglé people in the Tijera community which is near 
the town of Chichica.  

3.0 Project Description 

Tijera is a community of indigenous Ngöbe people in the comarca Ngöbe Buglé in the country of 
Panama. Figure 1 shows where Tijera is in relationship to the rest of Panama. Between 600 and 
800 Ngöbe people live in Tijera. The nearest town to the Tijera community is Chichica, which is 
about a one and a half hour hike away. The two communities are separated by a river. During the 
months of higher precipitation, the river crossing becomes impassable as the river rises. Residents 
of Tijera have to travel to Chichica on a regular basis. There is a school in the Tijera community, 
but the education level only reaches grade six. If a student wishes to continue their education past 
grade six they have to travel to Chichica where education through grade twelve is offered. 
Chichica also has government offices that residents of Tijera need to visit. 

Figure 1: Map of Panama with Project Location 

 

http://en.wikipedia.org/wiki/Embera-Wounaan
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
http://en.wikipedia.org/wiki/Ng%C3%B6be_Bugl%C3%A9
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The trail between the Tijera community and Chichica is the shortest and most direct route; it 
crosses a stream named Quebrada Tinta. Figure 2 shows a map of the Tijera community 
including the trail that goes from Tijera to Chichica. The water level in the Quebrada Tinta 
fluctuates often. According to the local Ngöbe people, the water level in the river is at its highest 
in the beginning and the end of the rainy season (May and November). A footbridge is needed to 
be able to cross the Quebrada Tinta safely year round, but especially when the water levels are 
extremely high. 

 
Figure 2: Map of the Tijera Community Area 

 
4.0 Methods and Procedures 

Several tasks were done while in Panama to obtain all of the information necessary to design a 
footbridge. First, a feasibility survey was done in order to see where the bridge should be located 
and to gather information about the surrounding area. Then land surveying, soil tests, geological 
surveying, and water flow analysis were completed. Below are the methods used for each of these 
tasks. 

4.1 Feasibility Survey 

A feasibility survey was performed by having conversations with the local Ngöbe people about 
the river, the local area, and the possibility of constructing a footbridge. There were five Ngöbe 
men who spoke Spanish that were able to be interviewed. All of these men were asked the same 
questions to get the best representation of the actual answers or data. The information obtained 
through the feasibility survey is used throughout this report. 

4.2 Surveying 

The land surveying methods of the selected bridge site were measured by using tacheometry, 
otherwise known as stadia measurement, with the aid of a handheld GPS to obtain approximate 
coordinates and elevations. The equipment included: a theodolite with an optical plummet, a 
tripod, a level rod, a steel tape, and a compass. All calculations and procedures were performed 
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according to Chapters 8 and 12 from Elementary Surveying and Volume B of Survey, Design and 
Construction of Trail Suspension Bridges for Remotes Areas.  

The bridge axis was selected based on a preliminary assessment of geologic features, accounts of 
high water levels, and the feasibility survey. Once the bridge axis was located, survey points for 
the bridge axis were placed in their appropriate location (see Appendix A). Benchmarks were 
then placed to be inter-visible of each other and near the bridge axis points in order for the bridge 
structure to eventually be staked out for construction. Benchmarks were witnessed by measuring 
the horizontal distance and compass azimuth from the point to the face of trees. These trees were 
blazed with a machete on the side of the tree facing the benchmark point. The handheld GPS unit 
was then used to record the approximate coordinates and elevations of the benchmarks.  

The topographic survey involved collecting data related to the geological, hydrological, and land 
use features of the bridge site. In addition, a traverse around the benchmarks and bridge axis 
points, shown in Appendix A, was performed to ensure their positions and relationships to one 
another were within tolerances. The measurement information of the topographic survey was 
recorded in addition to naming the features that were being recorded. Points of interest that were 
noted are accounts of the highest water level, dramatic changes in grade, larger trees close to the 
bridge axis, land use features, and river bed characteristics. Several photographs were also taken 
due to the dense foliage and changing river grades of the area to aid in the generation of a detailed 
topographical map. Please refer to Appendix J, Drawing No. 1, to see the general topographical 
features of the bridge site.  

4.3 Soil Classification and Geological Survey 

The type of soil near the bridge site needed to be identified and classified so that the bearing 
capacity of the soil could be estimated and used when designing the foundations and anchorages 
of the bridge. At each of the planned bridge foundation sites a 2 ft. x 2 ft. x 4 ft. soil test pit was 
dug. The soil from the test pits was separated into four layers. Each vertical foot was a layer that 
would get analyzed. Tests were performed according to ASTM D 2488, Standard Practice for 
Description and Identification of Soils (Visual – Manual Procedure), for color and major 
constituent identifications, dry strength test, dilatancy test, plasticity/ toughness test, and moisture 
identification on each layer. Pictures were also taken of every layer. The results can be found in 
Appendix B.   

A preliminary sketch of the area surrounding the river was drawn while at the bridge site. The 
sketch provides a rough idea of the landscape features of the river area that helped when 
generating a detailed topographic map. The resulting sketch can be found in Appendix B. 

4.4 River Flow 

The hydrological survey of the Quebrada Tinta near the bridge site was completed using practical 
engineering methods. A sealed empty bottle was sent downstream at various sections along the 
river and the time and distance the bottle traveled was recorded. The method named ‘float 
measurement’ was defined as the distance the bottle traveled versus time. The river was divided 
into five sections across the river shown in Appendix C. There were two upstream, two 
downstream, and one at the approximate bridge crossing. The lines that make up a section were 
perpendicular to the flow of the river. The lines separating the sections were paced off to be 
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approximately twenty feet apart. The results from the float measurements can be seen in 
Appendix C. The depth of flow was measured using a tape at the various sections along the 
width of the river. The river bottom is very rocky as it can be seen in Figures 3 and 4, both 
upstream and downstream of the bridge site. The width of the river was also measured using a 
cloth tape at the various sections along the river. The average river velocity was 1.5 ft. per second 
with an average flow rate of 45 cubic ft. per second. These results can be seen in Appendix C, 
Table 3.  

 
Figure 3: Upstream River Bottom 

 
Figure 4: Downstream River Bottom 
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5.0 Analysis and Design Options 

5.1 Surveying 

The land surveying data was input into Carlson® software with AutoCAD®. In order to ensure 
that the field work was performed adequately, the traverse data was processed to determine the 
closure precision. The raw traverse data closure precision was 1 in 902, as listed in Appendix A. 
According to Chapter 12-12 on Stadia Precision in the Elementary Surveying text, 1 in 500 is 
adequate closure precision. The unadjusted traverse data that was processed is acceptable. Once 
this was determined, the remaining topographic data was input into the software to generate a 
detailed topographic map of the area. This can be seen in Appendix J, Drawing No. 1.  

5.2 Bridge Site Hydrology 

A bridge site (ungaged) hydrologic analysis had to be performed in order to establish a high water 
level in the Quebrada Tinta. The hydrologic analysis was completed by referring to the World 
Catalogue of Maximum Observed Floods. The catalogue has maximum flood information related 
to a large watershed that includes the area surrounding David, Panama. The characteristics of the 
larger watershed were compared to the proposed bridge site watershed. The two watersheds share 
the following characteristics: located in Western Panama, mountainous terrain, average to less 
permeable soil, and comparable land use. Based on these comparisons, use of the catalogue’s 
values is deemed acceptable. Table 2 shows these comparisons in more detail. 

Table 1: Watershed Comparison 

Location David, Panama 
Bridge-Site 

(Chichica, Panama) 

Area (sq. miles) 463.32 2.05 

Terrain slopes (percent) > 5% 8% 

Soil Permeability average to low average to low 

Land Use 
70% cultivated land 

30% dense forest 
60% cultivated land 

30% dense forest 

 
Since the two watersheds differ greatly in size, scaling of the rainfall intensity is required. For the 
bridge site watershed, if a 100-year rainfall event were to occur, it would likely completely cover 
the watershed area uniformly for the duration of the event. For the larger watershed surrounding 
David, a 100-year rainfall event would not cover the entire watershed uniformly for the duration 
of the event. So, based on the differences in area, a ratio multiplier was determined in order to 
obtain an appropriate estimate of the flood level at the bridge site. The calculated flood height for 
a 100-year rainfall event was compared to the local inhabitants’ observations, which can be seen 
in Appendix D. The results of these calculations are lower than the flood levels observed by the 
local residents of Chichica and Tijera; therefore, the observed flood level was used to determine 
the bridge walkway elevation. 
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5.3 Soil Classification and Geological Survey 

In Appendix B, it can be seen that the soils from both sides are very similar. The soil has been 
classified as silty-clay. The biggest difference between two test pits is that the amount of gravel in 
the south side pit increased with depth. During the rainy season, the moisture content is very high 
because of the daily rain. There were also roots and leaves in the soil. According to the local 
residents if a deep enough hole near where foundations are located, approximately 15 ft. deep on 
either bank, was dug, bed rock would be hit. The worst case soil characteristics were used when 
designing the anchorages and foundations to ensure a safe design. 

5.4 Erosion Inspection 

The banks and river bottom have favorable erosion characteristics. The river bottom is mostly bed 
rock and the river banks have dense foliage on either side. The roots of the trees serve as natural 
erosion protection. The local inhabitants pointed out where erosion takes place near the bridge 
site during the flooding season. Upstream of where the bridge axis was located the slopes are 
mainly soil with few trees, when river levels are high this area is most affected with erosion. The 
bridge axis is located where little to no erosion occurs during the rainy season because of trees 
and rocks located on the banks that serve as natural erosion protection and this was considered in 
design recommendations for the footbridge. 

5.5 Concerns 

Transportation of materials is a major part of the construction of the footbridge. The material will 
have to be transported by foot or by horse to the bridge site over rough and mountainous terrain, 
this will consume precious time during a construction window of six months during the dry 
season. 

An experienced project manager will need to be present for key parts of the construction of the 
bridge. The project manager must be skilled in general engineering knowledge and most 
importantly, have been involved in prior bridge erection projects in similar conditions. Things 
such as hoisting and tensioning of the cables need to be supervised to make sure that they are 
executed properly. 
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5.6 Feasible Design Options 

The landscape of the area lends to the possibility for implementing either a suspended or 
suspension type bridge design. The span length of a suspended bridge would be much longer than 
a suspension bridge and could only offer a walkway height above the highest predicted water 
level comparable to a suspension bridge. The footbridge needs to be as inexpensive as possible. A 
suspension type bridge offers the best solution. The communities are familiar with footbridges 
around the area and know that the ones made with lots of timber components do not last in the 
harsh, humid conditions. The members of the community interviewed prefer that portions of the 
footbridge be made out of steel because a nearby bridge has lasted for several years with little 
maintenance. The team visited this bridge, shown below in Figure 5. 

Figure 5: Example Suspension Bridge in the Surrounding Area 

Structural components made out of steel would make the bridge last for years and reduce the 
maintenance required. Again we had to take transportation into consideration. Nearly all of the 
materials needed to build the footbridge have to be able to be easily transported to the site. The 
skill of the local residents also has to be taken into consideration. The construction of the bridge 
is going to be completed by them, so ensuring construction can be performed is important. 
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6.0 Final Recommendation and Conclusion 

6.1 Design Recommendations 

The calculations for component design of the suspension footbridge were completed based on 
Survey, Design, and Construction of Trail Suspension Bridges for Remote Areas, and this text 
also includes standard design drawings. The corresponding design drawings were used once 
calculations were completed. The footbridge is designed for a walkway loading of 104 lbs. /sq. 
ft., which includes both dead and live loads. A visual representation of how many people it takes 
to produce a loading of 100 lbs. /sq. ft. is shown below in Figure 6. 

 
Figure 6: Example of 100 psf Loading 

The footbridge span is 186 feet, and was used in the Survey, Design, and Construction of Trail 
Suspension Bridges for Remote Areas to determine cable and tower conditions. The layout of the 
footbridge is shown below in Figure 7 and the detailed drawing can be seen in Appendix J, 
Drawing No. 2. 

 

Figure 7: Snapshot of Footbridge Layout 
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The footbridge is skewed from being perpendicular to the river and the span is farther up the 
banks from the high water level. The combination of these two items take advantage of the 
natural erosion protection on either bank mentioned previously. This eliminates the need for 
extensive erosion protection and reduces maintenance around foundations. 

6.1.1 Cable Design 

Cables were designed to withstand dead and live loads. The main cables will consist of two, 
1 3/8 inch (36 mm) diameter main suspension cable, and two, 1 inch (26 mm) diameter 
spanning cable. The cable calculations can be seen in Appendix E. The selected cables 
provide a safety factor of 3 to 1 in relation to the full load tension they may experience in 
place at the bridge site compared to the minimum breaking strength of the wire rope. The 
dead and hoisting load sag is also noted in Appendix E, and this will be referred to when the 
construction of the bridge is taking place. The hoisting and dead load sag elevations at the 
midpoint of the span will be a check to ensure the main cable is tensioned correctly. 

6.1.2 Tower Design 

The tower height was determined based on the span of the footbridge. The tower withstands 
the full vertical load from the main cables. It was checked as to whether the tower will 
buckle under this load. Wind loading was also placed on the tower as an additional check. 
The tower calculations can be seen in Appendix F. The tower is going to be made out of 
steel components which could be fabricated and welded at a fabrication shop in Santiago, 
Panama. The fabricated pieces will only have to be bolted together at the bridge site. To 
build the tower, drawings can be seen in Appendix J, Drawing No.4. 

6.1.3 Foundation Design 

The foundations were sized based on the loadings from the tower weight, the vertical 
loading from the cable resting on the top of the tower, and the bridge site soil characteristics. 
The foundation had to be sized to satisfy safety factors against sliding and bearing capacity. 
The foundation calculations can be seen in Appendix G. An additional check related to the 
settlement of the foundations was determined, this can be seen in Appendix G. The 
settlement and time rate of settlement checks were performed to see if, during the 
construction period, any portions of the project needed to be postponed due to settlement of 
the foundations. The settlement estimates are minimal and will not affect the construction 
process in a significant way.  

The foundations will consist of a masonry block exterior that will be filled with concrete. 
Additional steel components will be put in place to fasten the towers and walkway to the 
foundation, these will also require fabrication. Reinforcement and hooks will also be placed 
in the concrete. The hooks will be used to assist in tower erection and cable hoisting. The 
detailed design drawings can be seen in Appendix J, Drawing No. 5. 

6.1.4 Anchorage Design 

Main cable anchorage blocks were sized using the same soil characteristics for foundation 
design and also satisfied the same safety factors for sliding and bearing capacity.  The 
calculations performed to size the anchorage blocks can be seen in Appendix H. The 
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anchorage blocks were placed at certain backstay distances from the towers to ensure that 
the angles of elevation for the main cables on either side of the top of the tower were 
approximately the same. Since the settlement of the larger foundation blocks was minimal, a 
settlement check related to the anchorages was not performed. 

The anchorages will be formed and filled with concrete. Similar to the foundations, steel 
components and hooks will be placed in the anchorage blocks for the attachment of the main 
cables. The hooks will be used to assist in tower erection and main cable tensioning. The 
detailed design drawings can be seen in Appendix J, Drawing No. 5. 

6.1.5 Suspender and Walkway Design 

The suspenders are going to be made of 1/2 in. (12mm) diameter rods. They were designed to 
withstand the loadings from the walkway and live loads. The suspender calculations can be seen 
in Appendix I. The suspenders were sized to fit between the main and spanning cables, according 
to the dead load sag of the main cables and the dead load camber of the spanning cables. Detailed 
design drawings for the suspenders can be seen in Appendix J, Drawing No. 3. The suspenders 
will require fabrication and welding. and will then be bolted in place during construction.  

The walkway is going to be made of steel frame parts with a wood decking. The wood that is 
available locally and going to be used as the decking is similar to Southern Pine. Checks were 
performed on the timber to make sure that it could withstand the worst case loadings. The three 
checks that were performed, according to NDS-05, National Design Specification for Wood 
Construction, are bending, shear, and deflection. The size and characteristics of the timber were 
used to complete these checks. Southern Pine timber passed all of these checks, as can be seen in 
Appendix G, and therefore the wood available is adequate to use as our decking. A detailed 
drawing of the walkway can be seen in Appendix J, Drawing No. 5-10. 

6.2 Construction 

The construction schedule was completed using general construction knowledge while closely 
referencing RS Means Building Construction Cost Data, the Bridges to Prosperity construction 
manual, Volume 1: Guidelines for Survey, Design & Construction, and Volume D: Execution of 
Construction Works of Survey, Design and Construction of Trail Suspension Bridges for Remote Area. 
From these a realistic schedule for construction of a bridge in a rural setting was developed.  

The footbridge is expected to take 20 weeks to construct. This includes the time needed to transport all 
materials. An additional year was added to the construction schedule to account for the mobilization 
needed for the project. The construction schedule can be seen in Appendix L with the detailed 
description of individual tasks. A selection of Bridges to Prosperity manual pages is also attached to 
assist with the construction of the footbridge. This is shown in Appendix M. Since the bridge requires 
several items to be fabricated, shop drawings from the standard design drawing volumes of Survey, 
Design and Construction of Trail Suspension Bridges for Remote Areas have been compiled into 
Appendix K. These can be used to assist in the fabrication process of the steel components. 
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6.3 Cost Estimate 

Table 2: Overall Cost Estimate 

Overall Estimate 

Item Total Cost Actual Cost (Donations Subtracted) 

Materials $40,500  $35,500 

Labor $22,000  $3000 

Equipment $4500  $4500 

Total $67,000  $43,000 

 

The footbridge is estimated to cost a total of $43,000, as shown above in Table 1. For a complete 
breakdown of the cost estimate, refer to Appendix N. The cost estimate was completed by using a 
number of references for prices of materials, equipment, and transportation needed for the construction 
of the footbridge.  First, a list of materials that can be bought close to Chichica (in Tolé), such as rebar 
and cement, was obtained. The Peace Corps Volunteers in the area, Jessica Rudder and Chris Kingsley 
provided prices for these items. A store, Cochez®, was found via the internet in Santiago, which is a 
construction material distributor. This store is the closest one to Chichica that has the materials not 
available in Tolé. A sales representative with Cochez® provided the prices for these additional 
materials. The steel required for the foundations, anchorages, towers, and suspenders will be fabricated 
in Santiago. The price of steel was based on the weight of the steel and also the number of cuts and 
drills and amount of paint needed for all of the pieces.  Prices were obtained for the cable and cable 
accessories through a Bridges to Prosperity corporate partner, Heco Slings Inc. Robin Long, the 
Director of Operations for Bridges to Prosperity, confirmed that the cable can be donated, but the cable 
accessories will have to be paid for.  

A majority of equipment prices for simple tools were also obtained from speaking with the sales 
representative with Cochez®. Rental prices of other items were obtained from two companies, Airco 
Inc. and Madina Tools Rental Inc., both located in David. A significant amount of the fabrication will 
be done in Santiago which will require less power tools/equipment at the bridge site. 

Cochez® also offers delivery from Santiago to Tolé and they provided transportation costs per trip 
between the two locations. Both Airco Inc. and Madina Tools Rental Inc. also deliver equipment and a 
price was provided to transport the equipment from David to Tolé. It was determined that chivas’ could 
be rented to transport the materials to Chichica from Tolé. Jessica Rudder provided the cost to rent a 
chiva for one day. Even though the cable is going to be donated, the cost of transportation from 
Norfolk, Virginia to the bridge site had to be determined. A shipping rate was found from Norfolk, 
Virginia to Panama City, along with a rate to transport the cable from the port in Panama City to Tolé 
to estimate the total cost to transport the cable and cable accessories. 

Research was done to find the average cost of a project manager and a construction laborer in Panama. 
RS Means Building Construction Cost Data was used to estimate how long tasks would take. These 
two things combined were used to estimate the total labor cost to construct the bridge. 
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6.4 Future Recommendation and Conclusion 

Upon completing the design of the footbridge near the communities of Chichica and Tijera, the 
next steps to implement the design would be a partnership between the Peace Corp Volunteer 
Jessica Rudder, Bridges to Prosperity or a similar non-governmental organization, and the 
community members. An experienced project manager located in Panama will also need to be 
sought out if the project were to move forward. The design itself will require some reviewing by a 
professional engineer to ensure that all aspects of the project are safe and feasible. The project 
design was completed with the intention of creating a sustainable yet inexpensive footbridge. 
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APPENDIX A: LAND SURVEYING DESCRIPTIONS AND RESULTS 
  



List Points Report 
 
 
PointNo.  Northing(Y)    Easting(X)     Elev(Z)    Description 
1         5018.63        4935.02        993.85     North Ridge 
2         5051.27        4972.65        994.94     North Ridge 
3         5066.63        5033.79        998.63     North Ridge 
4         5056.52        5039.18        993.06     Down N Ridge 
5         5046.73        5047.77        984.81     N Trail 
6         5054.47        5082.67        980.23     N Trail 
7         5023.27        5024.68        982.33     N Trail 
8         5021.72        5001.37        983.19     N Trail 
9         5018.54        4970.78        985.24     N Trail 
10        5008.38        4952.23        987.02     N Trail 
11        4970.10        4955.04        979.67     N Bank 
12        4983.94        4984.97        979.67     N Bank 
13        5006.09        5023.21        980.44     N Bank 
14        5023.00        5051.05        980.86     N Bank 
15        5001.52        5045.96        978.82     HWL 
16        4988.10        5040.25        978.34     Edge N Bank 
17        4968.72        5023.05        976.60     Edge N Bank  
18        4979.74        5012.81        978.81     N Bank 
19        4955.11        4998.95        977.07     N Bank 
20        5071.00        5108.68        973.01     NE River Edge 
21        5047.38        5145.33        973.50     SE River Edge 
22        5039.64        5120.39        971.99     Center River  
23        5035.52        5110.14        972.04     Center River  
24        5006.19        5119.77        975.78     S Rocky Shore 
25        5007.23        5136.78        977.29     Edge S Rocky  
26        5002.39        5088.94        977.59     Edge S Rocky  
27        5002.80        5081.46        971.05     Center River  
28        4976.86        5087.71        972.78     S Edge River 
29        4966.83        5112.20        978.94     Fence Line 
30        4964.04        5134.26        981.86     S Trail 
31        4946.89        5100.87        978.77     Top Edge River  
32        4956.04        5085.80        969.30     Corner Inlet  
33        4957.32        5068.97        967.95     River Bottom 
34        4942.66        5055.76        967.19     S River Edge 
35        4926.18        5044.19        967.07     S River Edge 
36        4908.60        5026.29        966.97     S River Edge 
37        4906.80        5018.82        966.78     S River Edge 
38        4911.28        5057.93        977.07     S Edge Bank 
39        4913.86        5071.58        980.33     S Hillside 
40        4902.39        5067.96        983.84     S Hillside 
41        4932.03        4959.77        978.37     N Bank 
42        4964.00        5023.46        975.51     N Bank 
43        4957.25        5028.17        970.36     Rock Edge 
44        4952.36        5028.99        966.00     N Edge River 
45        4944.11        5036.93        964.10     Center River  
46        4937.31        5044.65        963.87     S Edge River 
47        4911.53        5028.13        965.18     S Edge River 
48        4915.41        5009.17        964.17     Center River  



PointNo.  Northing(Y)    Easting(X)     Elev(Z)    Description 
49        4917.38        4999.46        965.13     N Edge River 
50        4917.74        4989.58        969.96     N Bank Edge 
51        4936.29        4993.89        972.81     N Bank Edge 
52        4930.78        5020.82        965.08     Base 60" Tree 
53        4963.77        5036.57        966.55     N Edge River 
54        4981.12        5051.12        968.54     N Edge River 
55        4950.97        5043.90        966.59     S Edge River 
56        4949.68        5047.71        962.25     Center River  
57        4941.90        5053.45        965.64     S Edge River  
58        4964.47        5067.29        966.70     Center Inlet  
59        4965.57        5061.72        969.11     Center River  
60        4977.47        5051.75        975.49     N Edge River 
61        4984.42        5051.81        968.34     N Bank Edge 
62        4941.58        5141.14        994.02     SE Hillside 
63        4952.66        5192.02        1008.79    SE Top Hill 
64        4967.17        5187.38        1009.22    SE Top Hill 
65        4927.04        5147.98        992.89     SE Hillside 
66        4919.09        5162.30        993.28     SE Hillside 
67        4910.76        5139.56        985.29     SE Hillside 
68        4921.50        5136.04        984.33     S Trail 
69        4961.34        5134.33        982.22     S Trail 
70        4947.23        5101.80        978.88     E Bank Edge  
71        4950.09        5099.02        971.50     E Edge Inlet  
72        4926.97        5120.28        981.72     E Edge Inlet  
73        4918.49        5128.40        982.62     E Edge Inlet  
74        4913.05        5121.90        982.84     Center Inlet  
75        4909.51        5115.67        983.04     W Edge Inlet  
76        4920.30        5109.99        981.16     W Edge Inlet  
77        4922.08        5092.41        985.07     Base Tree 40" 
78        4906.90        5097.60        985.81     S Trail 
79        4908.86        5083.83        988.19     S Trail 
80        4943.39        5089.55        973.80     W Edge Inlet  
81        4931.69        5086.93        976.03     S Bank 
82        4926.31        5072.64        975.43     Fence Line 
83        4912.41        5072.22        981.22     S Bank 
84        4893.57        5090.31        995.76     S Hillside 
85        4863.78        5097.70        1008.27    S Top Hillside 
86        4848.25        5088.55        1008.46    S Top Hillside 
87        4832.94        5076.95        1007.10    S Top Hillside 
88        4818.87        5065.21        1007.15    S Top Hillside 
89        4807.59        5050.64        1004.49    S Top Hillside 
90        4807.39        5039.22        999.33     S Hillside 
91        4815.94        5029.38        992.98     S Hillside 
92        4850.78        5051.22        992.35     S Trail 
93        4866.04        5061.34        992.97     S Trail 
94        4888.80        5058.94        983.96     S Bank 
95        4868.66        5044.29        984.33     S Bank 
96        4832.81        4998.96        978.57     S Bank 
97        4821.84        4985.84        978.56     S Bank 
98        4892.87        5026.96        983.36     Fence Line 
99        4902.99        5046.56        974.13     Fence Line 



PointNo.  Northing(Y)    Easting(X)     Elev(Z)    Description 
100       4916.85        5060.22        975.29     Fence Line 
101       4914.14        5080.35        983.02     S Bank 
102       4864.67        4976.18        966.38     S Edge River  
103       4870.71        4977.65        965.14     Center River  
104       4900.58        4988.90        967.91     Top Boulder  
105       4987.79        5090.57        971.21     W Boulder  
106       5007.20        5086.91        971.21     Rock Field 
107       4995.78        5127.17        976.17     Rock Field 
108       5042.01        5153.93        974.94     Rock Field 
109       5102.30        5129.69        974.43     N Edge River 
110       5085.66        5112.35        974.53     N Trail 
111       5062.05        5081.88        975.92     N Trail 
112       5039.12        5057.77        980.57     N Trail 
113       4991.61        5066.14        971.57     Top River  
114       4986.41        5076.40        967.97     Eddy Currents 
115       4984.52        5083.68        969.18     Eddy Currents 
116       5004.47        5084.30        968.05     Spillway 
117       5037.37        5098.47        971.90     River Bottom 
118       5082.05        5179.38        976.10     River Bottom 
119       5120.41        5142.61        974.25     River Bottom  
120       5127.21        5074.15        1007.90    North Ridge 
121       5011.28        5013.44        980.00     Tree 14" 
122       5018.94        4995.97        980.00     Tree 14" 
123       5006.09        4994.51        980.00     Tree 13" 
124       4975.41        4982.13        980.00     Tree 12" 
125       4921.45        5089.67        989.78     Tree 40" 
126       4899.17        5067.08        989.78     Tree 6" 
127       4874.43        5062.25        989.78     Tree 24" 
128       4867.07        5069.45        989.78     Tree 12" 
200       4870.65        5005.55        979.66     Fence Line  
201       4845.11        4981.04        977.17     Fence Line 
202       4852.24        5025.58        981.84     S Bank 
203       4873.75        5004.90        968.48     S Bank 
204       4849.16        4980.91        966.84     River Bottom 
BM1       5000.00        5000.00        980.00      
BM2       4895.49        5073.45        989.78      
PT2       5004.73        5033.67        979.89      
PT3       4887.26        5038.22        976.63      
PT4       4963.87        5117.49        979.38      
 
Number of points listed 138 
  



Traverse No Adjust Results 
 
Stadia Reduction Method 
Scale Factor: 1.00000000 
Correct for Earth Curvature: OFF 
 
Closure Results 
Starting Point BM1: N 5000.000 E 5000.000 Z980.000 
Closing Reference Point PT2: N 5004.732 E 5033.669 Z979.890 
Ending Point PT2: N 5005.055 E 5033.907 Z 980.007 
 
Azimuth Of Error: 36°23'31" 
North Error     : 0.32272 
East Error      : 0.23786 
Vertical Error  : 0.11673 
Hz Dist Error   : 0.40091 
Sl Dist Error   : 0.41756 
Traverse Lines  : 5 
SideShots       : 0 
Store Points    : 1 
Horiz Dist Traversed: 361.720 
Slope Dist Traversed: 364.731 
 
Closure Precision: 1 in 902 
 
Starting Point BM1: N 5000.000 E 5000.000 Z 980.000 
BackSight Azimuth: 00°00'00" 
 
Point     Horizontal Elev     Slope    Inst  Rod   Northing    
Easting     Elev 
 
PT2       AZ82.0000  -0.1100  34.000   0.000 0.000 5004.732    
5033.669    979.890 
 
PT4       AL146.0030 -0.5100  93.251   0.000 0.000 4963.867    
5117.486    979.380 
 
BM2       AL83.1215  10.4000  81.992   0.000 0.000 4896.046    
5073.800    989.696 
 
PT3       AL135.5615 -13.1500 38.486   0.000 0.000 4888.312    
5040.698    977.337 
 
PT2       AL80.1045  2.6700   117.000  0.000 0.000 5005.055    
5033.907    980.007 
 
 



 
  



APPENDIX B: SOIL TESTS AND SITE GEOLOGICAL SURVEY RESULTS 
  



Visual Identification Process for Soil 
1. Identify the color (e.g. brown, gray, brownish gray), odor (if any) and texture (coarse 

or fine-grained) of soil 
2. Identify the major soils constituent (>50% by weight) using Table 1 in Lab1 handout, 

as coarse gravel, fine gravel, coarse sand, medium sand, fine sand or fines. 
3. Estimate percentages of all other soil constituents using Table One and the following 

terms: trace – 0 to 10% by weight, little – 10 to 20%, some – 20 to 30%, and – 30 to 
50%. 

4. If the major constituent is sand or gravel: Identify particle distribution (Describe as 
well-graded or poorly-graded) and particle shape (angular, subangular, rounded, 
subrounded) using Figure One and Table 2 in Lab1 handout. 

5. If the major constituents are fines, perform the following tests: 
 Dry Strength Test:  Mold a sample into 1/8” size ball and let it dry.  Test the 

strength of the dry sample by crushing it between the fingers.  Describe the 
strength as none, low, medium, high, or very high depending on the results of the 
test shown in Table 3 in Lab1 handout. 

 Dilatancy Test:  Make a sample of soft putty consistency in your palm.  Then 
observe the reaction during shaking, squeezing (by closing your hand) and 
vigorous tapping.  The reaction is rapid, slow, or none according to the test 
results given in Table 4. 

 Plasticity (or Toughness) Test:  Roll the samples into a thread about 1/8” in 
diameter.  Fold the thread and reroll it repeatedly until the thread crumbles at a 
diameter of 1/8”. 

(a) The pressure required to roll the thread when it is near crumbling  
(b) Whether it can support its own weight. 
(c) Whether it can be molded back into a coherent mass. 
(d) Whether it is tough during kneading. 

Describe the plasticity and toughness according to the criteria in Tables 5 and 6 
in Lab1 handout.  

6. Identify moisture condition (dry, moist, wet, or saturated) using Table 8 in Lab1 
handout. 

7. Record visual classification of the soil in the following order: color, major 
constituent, minor constituent, particle distribution and particle shape (if major 
constituent is coarse-grained), plasticity (if major constituent is fine-grained), 
moisture content, soil symbol (if major constituent is fine-grained). 

  



North Side Soil N-1 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Brown 
Earth, 

organics, 
musty 

Fine Fine Silt Coarse gravel Moist 
Plasticity Low 

Toughness Low 
Soil Symbol ML 

        
Classification: brown, fines with 10% coarse gravel,  and low plasticity, rounded, moist 

Notes: 

 
        

North Side Soil N-2 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Dark 
brown 

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 

        
Classification: brown, fines with 5% coarse gravel,  and low plasticity, rounded, moist 

Notes: 

 
        



 
 

North Side Soil N-3 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Dark 
brown  

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 

        
Classification: brown, fines with 2% coarse gravel,  and low plasticity, rounded, moist 

Notes: 

 
        

North Side Soil N-4 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength None 

Dilatancy Fast, shiny surface 

Dark 
Brown 

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 

        
Classification: brown, fines with 1% coarse gravel,  and low plasticity, rounded, moist 

Notes: 

 
 
 
 



 
 
 

South Side Soil S-1 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Brown 
Earth, 

organics, 
musty 

Fine Fine Silt Coarse gravel Moist 
Plasticity Low 

Toughness Low 
Soil Symbol ML 

        
Classification: brown, fines with 5% coarse gravel,  and low plasticity, rounded, moist 
Notes: 

 
        

South Side Soil S-2 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Dark 
brown 

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 

        
Classification: brown, fines with 10% coarse gravel,  and low plasticity, rounded, moist 
Notes:  

        
South Side Soil S-3 

Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength Low 

Dilatancy Fast, shiny surface 

Dark 
brown  

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 



        
Classification: brown, fines with 15% coarse gravel,  and low plasticity, rounded, moist 
Notes:  

        
 

South Side Soil S-4 
Classified By: YJ & HM Date:8/13/11    

Color Odor Texture Major Soil 
Constituent 

Minor Soil 
Constituents 

Moisture 
condition 

Dry 
Strength None 

Dilatancy Fast, shiny surface 

Dark 
Brown 

Earth, 
organics, 

musty 
Fine Fine silt Coarse gravel Moist 

Plasticity Low 
Toughness Low 

Soil Symbol ML 

        
Classification: brown, fines with 20% coarse gravel,  and low plasticity, rounded, moist 
Notes:  

 
  



 
  



APPENDIX C: WATER FLOW ANALYSIS 
  



 
 
Table 1:  Depth of River in Each Section 

Line 
Segment 

Depth of Flow (inches) 
A B C 

1 5.91 9.45 6.69 
2 6.69 13.78 8.27 
3 6.30 2.76 6.69 
4 9.45 12.99 7.09 
5 4.92 7.09 4.33 
6 10.63 12.20 5.71 

 
Table 2: Travel Time of Bottle in Each Section 

Line 
Segment 

Travel Time for Segment (seconds) 
A B C 

1 47.00 47.00 47.00 
2 19.00 19.00 19.00 
3 44.00 44.00 44.00 
4 20.01 20.81 20.28 
5 17.80 13.87 33.26 
6 20.64 28.34 20.33 

 



Table 3: River width in Each Section 

Line 
Segment 

River Width 
(feet) 

1 43.20 
2 46.30 
3 49.70 
4 50.20 
5 17.20 
6 37.40 
 
 
 
Average Velocity = 1.5 ft/s 
 
Average Flow rate = 45ft3/s 
  



APPENDIX D: BRIDGE SITE HYDROLOGY 
  



Reference: 

Rodier, J. A., M. Roche, and Reginald W. Herschy. World Catalogue of Maximum Observed 
Floods / Répertoire Mondial Des Crues Maximales Observées / Composé [i.e. Revisé] Par Reg 
Herschy. Wallingford, Oxfordshire: International Association of Hydrological Sciences, 1984. 
Print. 

Reasons for Use and Comparison: 

Observation Site: David, Chiriquí 
• close proximity to Chichica, Comarca: Ngöbe-Bügle 
• both sites are in western Panama 

 
Characteristics of the Basin: 

• relatively steep slopes, greater than 5% 
• similar to our basin 

 
Soil Characteristics: 

• Low to average permeability 
 
Land Cover: 

• 30-40% dense forest 
• 60-70% cultivated land 

 

Calculating Discharge  

Referring to page 163 (David, Panama); Table 2: flood characteristics  

Maximum Instantaneous Flood Discharge:  

• October 2nd, 1974 
• 2980 cms=105,238 cfs 
• For a basin area equal to 1200 km2 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐹𝑙𝑜𝑜𝑑 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒, 𝑐𝑓𝑠 =
𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒, 𝑐𝑓𝑠
𝐵𝑎𝑠𝑖𝑛 𝐴𝑟𝑒𝑎,𝑘𝑚2 ∗ 𝑅𝑜𝑢𝑔ℎ 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝐴𝑟𝑒𝑎,𝑘𝑚2 

105,230 𝑐𝑓𝑠
1200 𝑘𝑚2 ∗ 5.31 𝑘𝑚2 = 465.64 𝑐𝑓𝑠 

 

 

 



*Note: Lengths were measured 
with string using provided 
scale directly on the computer 
screen, not on the printed 
picture  

Calculations for Smaller Watershed 

 

 

 

Measured Lengths* (colored lines) and Point Elevations (colored stars): 

𝐿𝑏𝑙𝑢𝑒 = 2.26 𝑖𝑛,   𝑦𝑏𝑙𝑢𝑒 = 680 𝑚 

𝐿𝑏𝑙𝑎𝑐𝑘 = 1.65 𝑖𝑛,   𝑦𝑏𝑙𝑎𝑐𝑘 = 580 𝑚 

𝐿𝑔𝑟𝑒𝑒𝑛 = 2.25 𝑖𝑛,   𝑦𝑔𝑟𝑒𝑒𝑛 = 510 𝑚 

𝐿𝑜𝑟𝑎𝑛𝑔𝑒 = 2.125 𝑖𝑛,   𝑦𝑜𝑟𝑎𝑛𝑔𝑒 = 610 𝑚 

 



Equate Lengths (in) to Lengths (ft): 

 Given: 0.53 in = 2,000 ft 

2.26 𝑖𝑛 ∗ �
2000 𝑓𝑡
0.53 𝑖𝑛

� = 8,528.3 𝑓𝑡 (𝐿𝑏𝑙𝑢𝑒) 

1.65 𝑖𝑛 ∗ �
2000 𝑓𝑡
0.53 𝑖𝑛

� = 6,226.4 𝑓𝑡 (𝐿𝑏𝑙𝑎𝑐𝑘) 

2.25 𝑖𝑛 ∗ �
2000 𝑓𝑡
0.53 𝑖𝑛

� = 8,490.6 𝑓𝑡 (𝐿𝑔𝑟𝑒𝑒𝑛) 

2.125 𝑖𝑛 ∗ �
2000 𝑓𝑡
0.53 𝑖𝑛

� = 8,018.9 𝑓𝑡 (𝐿𝑜𝑟𝑎𝑛𝑔𝑒) 

Convert Elevation (m) to Elevation (ft): 

 Known: 1 m = 3.28 ft 

680 𝑚 ∗
3.28 𝑓𝑡

1 𝑚
= 2,230.4 𝑓𝑡 (𝑦𝑏𝑙𝑢𝑒) 

580 𝑚 ∗
3.28 𝑓𝑡

1 𝑚
= 1,902.4 𝑓𝑡 (𝑦𝑏𝑙𝑎𝑐𝑘) 

510 𝑚 ∗
3.28 𝑓𝑡

1 𝑚
= 1,672.8 𝑓𝑡 �𝑦𝑔𝑟𝑒𝑒𝑛� 

610 𝑚 ∗
3.28 𝑓𝑡

1 𝑚
= 2,000.8 𝑓𝑡 �𝑦𝑜𝑟𝑎𝑛𝑔𝑒� 

Find Slopes: 

 Assume: ycenter = 400 m = 1,312 ft 

𝑆𝑙𝑜𝑝𝑒,𝑌 =
∆𝑌
∆𝑋

 

𝑦𝑏𝑙𝑢𝑒 − 𝑦𝑐𝑒𝑛𝑡𝑒𝑟
𝐿𝑏𝑙𝑢𝑒

=
2,230.4− 1,312

8528.3
= 0.108 = 10.8% 

𝑦𝑏𝑙𝑎𝑐𝑘 − 𝑦𝑐𝑒𝑛𝑡𝑒𝑟
𝐿𝑏𝑙𝑎𝑐𝑘

=
1,902.4− 1,312

6,226.4
= 0.095 = 9.5% 

𝑦𝑔𝑟𝑒𝑒𝑛 − 𝑦𝑐𝑒𝑛𝑡𝑒𝑟
𝐿𝑔𝑟𝑒𝑒𝑛

=
1,672.8− 1,312

8,490.6
= 0.042 = 4.2% 

𝑦𝑜𝑟𝑎𝑛𝑔𝑒 − 𝑦𝑐𝑒𝑛𝑡𝑒𝑟
𝐿𝑜𝑟𝑎𝑛𝑔𝑒

=
2,000.8− 1,312

8,018.9
= 0.086 = 8.6% 



Find Average Slope, Y: 

𝑌 =
0.108 + 0.095 + 0.042 + 0.086

4
= 0.083 = 8.3% 

Calculate Lag Time, tL: 

𝑡𝐿 =
𝐿0.8(𝑆 + 1)0.7

1,900 ∗ 𝑌0.5  

 Use: L = Lblue (from previous figure) = 8,528.3 ft** 

 Assume: Circular watershed 

𝐿 = 𝑟 = �𝐴
𝜋

 

�5.31 𝑘𝑚2

𝜋
= 1.3 𝑘𝑚 = 4,297.9 𝑓𝑡 

 Calculate S: 

𝑆 =
1,000
𝐶𝑁

− 10 

 Given:  

Row ID Station 
ID Stations Record 

Length 

Drainage 
Area 
(km2) 

Land 
Cover 

Soil 
Types 

Land 
Cover 

Maximum 
Peak 

Discharge 
(m3/s) 

Unit Peak 
Discharge 

(m3/s / 
km2) 

Runoff 
CN 

7 3 Cuba 22 326 B-C B55-C45 3.5 2160 6.62576687 71.725 

116 03BA003 Jamaica 36 518 
A19-
C10-

D61-E8 
A70-D30 2.54 1790 3.45559846 66.565 

120 50029000 Puerto 
Rico 47 518 

B35-
C25-

D25-E15 
B75-C25 2.8 5520 10.6563707 75.1 

121 50045010 Puerto 
Rico 12 448 

B35-
C25-

D25-E15 
C100 2.8 5580 12.4553571 81.4 

123 50144000 Puerto 
Rico 38 244 

B35-
C25-

D25-E15 
C100 2.8 4620 18.9344262 81.4 

6 2 Cuba 23 540 C-D A60-
C25-D15 2.5 3015 5.58333333 68.275 

5 1 Cuba 15 753 B-C B55-C45 3.5 2760 3.66533865 71.725 
 

OR 
**Note:  Lblue = the length from the 
channel bottom to the most remote 
point on watershed. 



Reference: 

 

From both reference 
tables; Assume: CN=74 

𝑆 =
1,000

74
− 10 = 3.5 

 

 

Put recently found numbers into lag time equation: 

𝑡𝐿 =
8,528.30.8 ∗ (3.5 + 1)0.7

1,900 ∗ 8.30.5 = 0.731 ℎ𝑟𝑠        𝑂𝑅         𝑡𝐿 =
4,297.90.8 ∗ (3.5 + 1)0.7

1,900 ∗ 8.30.5

= 0.422 ℎ𝑟𝑠 

Calculate Time of Concentration, tC: 

5
3
∗ 𝑡𝐿 = 5

3
∗ 0.731 = 1.21 ℎ𝑟𝑠 → 1 ℎ𝑟 12.6 𝑚𝑖𝑛 

5
3
∗ 𝑡𝐿 = 5

3
∗ 0.422 = 0.703 ℎ𝑟𝑠 → 42.2 𝑚𝑖𝑛  

 

Find Intensity, i; from IDF curve: 

 Reference: 

     Rainfall Intensity-Duration-Frequency  

 
 
 Figure 4-4: Rainfall Intensity-Duration-
Frequency, Baltimore, MD. After (McCuen, 

2004) 

 i = 3.7 in/hr 

i = 4.0 in/hr 

 

Runoff Curve Numbers (McCuen 2005) 

Land Cover Soil Type 
A B C D 

A: thick forest     32 58 72 79 
B: sparse forest, wooded savannah 44 65 76 82 
C: meadows, savannah with few or no trees 49 69 79 84 
D: cultivated land 67 78 85 89 
E: bare, soil, urban zones  84 90 92 94 

OR 

Intensity range of small watershed  
 } 

http://www.utdallas.edu/~brikowi/Teaching/Applied_Modeling/SurfaceWater/LectureNotes/Rainfall/Bibliography.html#McCuen-2004
http://www.utdallas.edu/~brikowi/Teaching/Applied_Modeling/SurfaceWater/LectureNotes/Rainfall/Bibliography.html#McCuen-2004


Calculations for Larger Watershed 

Calculate Lag Time, tL: 

𝑡𝐿 =
𝐿0.8(𝑆 + 1)0.7

1,900 ∗ 𝑌0.5  

 Determine: L 

 Assume: Circular Watershed 

𝐿 = 𝑟 = �𝐴
𝜋

 

 Given: A = 1200 km2 

𝐿 = �1,200 𝑘𝑚2

𝜋
= 19.5 𝑘𝑚 

 Convert Length (km) to Length (ft): 

19.5 𝑘𝑚 ∗
3,280.8 𝑓𝑡

𝑘𝑚
= 63,976.4 𝑓𝑡 

 Assume: Y = 6%  

Reference:  

Rodier, J. A., M. Roche, and Reginald W. Herschy. World Catalogue of Maximum Observed 
Floods / Répertoire Mondial Des Crues Maximales Observées / Composé [i.e. Revisé] Par Reg 
Herschy. Wallingford, Oxfordshire: International Association of Hydrological Sciences, 1984. 
Print.  

 Relatively Steep Slopes Y>5% 

 Assume: CN is the same for both watersheds ∴ CN = 74; S = 3.5 

𝑡𝐿 =
63,976.40.8(3.5 + 1)0.7

1,900 ∗ 60.5 = 4.31 ℎ𝑟𝑠 

Find Time of Concentration, tC: 

5
3
∗ 𝑡𝐿 =

5
3
∗ 4.31 = 7.18 ℎ𝑟𝑠 

Determine intensity, i, from IDF curve (for large watershed): 

 i = 0.65 in/hr 



Note:  Area 
reduction 
factor is 
approximately 
equal to 0.70 

Determine: Ratio Multiplier 

Find Intensity Ratio: 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =
𝑖𝑠𝑚𝑎𝑙𝑙 𝑤𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑

𝑖𝑙𝑎𝑟𝑔𝑒 𝑤𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑
=

3.7 𝑖𝑛ℎ𝑟
0.65 𝑖𝑛ℎ𝑟

= 5.69    𝑂𝑅    
4.0 𝑖𝑛ℎ𝑟

0.65 𝑖𝑛ℎ𝑟
= 6.15 

 Find Overall Ratio Multiplier: 

  Reference: 

  Asquith, William H.  Areal-Reduction Factors for the Precipitation of the 
1-Day Design Storm in Texas.  U.S. GEOLOGICAL SURVEY, Water-Resources Investigations Report 
99-4267.  

 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 ∗ (𝑖𝑛𝑣𝑒𝑟𝑠𝑒)𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝐴𝑟𝑒𝑎 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 5.69 ∗ 1
.7

= 8.13 

 6.15 ∗
1
. 7

= 8.79 ∴ 𝑅𝐴𝑁𝐺𝐸 𝑜𝑓 𝑟𝑎𝑡𝑖𝑜 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 ≈ {8.13− 8.79} 

 

OR 



Calculate: Slope of Channel, 𝐒𝐨 

𝑆𝑙𝑜𝑝𝑒 =
∆𝑌
∆𝑋

 

=
973.5′ − 965.14′

243.72′
= 0.0343 = 3.43% 

Note: elevations and distances are from on-site topographic map 

Estimate: Roughness, n 

 Use: Float Method Velocity (length versus time) 

𝑣 = 1.5
𝑓𝑡
𝑠

 

 Determine: Area, A and Wetted Perimeter, Pw of Cross-Section of River at Bridge Axis 

𝐴 = 𝐵𝑦𝑛 + 𝑆𝑆𝑦𝑛 

(12′)(1′) + (3′)(1′)2 = 15 𝑓𝑡2 

𝑃𝑤 = 𝐵 + 2𝑦𝑛 ∗ �1 + 𝑆𝑆2 

12′ + 2(1′)�1 + 32 = 18.32 𝑓𝑡 

 Use: Manning’s Equation 

𝑉 =
𝐶𝑚
𝑛
∗ 𝑅0

2
3� ∗  𝑆𝑜

1
2�   

 Assume: Cm=1.49; English Units 

1.5
𝑓𝑡
𝑠

=
1.49
𝑛 �

15 𝑓𝑡2

18.32 𝑓𝑡�
2
3 �

(0.0343)1 2�  

 Solve for n: 

𝑛 = 0.16 

Refer to Table 5.1, page 256 in Water Resources Engineering  

Natural Channels, Brush, Irregular: Roughness Range,  𝑛 = {0.07− 0.16} 

𝐂𝐡𝐨𝐨𝐬𝐞: 𝐧 = 𝟎.𝟏𝟏𝟓 

 

 



Trial and Error  

Bridge Profile: Simplified into Trapezoidal Channel 

 

 Determine: Side Slope, SS 

𝑆𝑆 =
∆𝑋
∆𝑌

 

111.5′

34′
= 3.28 

 Equations Needed: Cross-Sectional Area, A and Wetted Perimeter, Pw 

𝐴 = 𝐵𝑦𝑛 + 𝑆𝑆𝑦𝑛2 

𝑃𝑤 = 𝐵 + 2𝑦𝑛�1 + 𝑆𝑆2 

 Using Manning’s Equation, Determine: Depth of Flow, yn 

𝑄 =
1.49
𝑛

∗ 𝐴𝑅0
2
3� ∗  𝑆𝑜

1
2�  

  Assume: QMAX FLOOD(LOW ESTIMATE)=465.64 cfs*8.13=3,785.65 cfs 
     n=0.115 
     So=0.0343 
  Re-arrange Manning’s Equation: 
 

𝐴𝑅2 3� =
𝑄𝑛

1.49 ∗ 𝑆𝑜
1
2�

 

 

𝐴5 3�

𝑃2 3�
=

3,785.65  𝑐𝑓𝑠 ∗ 0.115

1.49 �0.03431 2� �
= 1,577.63 ∴

(32𝑦𝑛 + 3.28𝑦𝑛2)5 3�

�32 + 2𝑦𝑛 ∗ √1 + 3.282�
2
3�

= 1,577.63 

Assume: QMAX FLOOD(HIGH ESTIMATE)=465.64 cfs*8.79=4,092.98 cfs 



     n=0.115 
     So=0.0343 
  Re-arrange Manning’s Equation: 

𝐴𝑅2 3� =
𝑄𝑛

1.49 ∗ 𝑆𝑜
1
2�

 

𝐴5 3�

𝑃2 3�
=

4,092.98  𝑐𝑓𝑠 ∗ 0.115

1.49 �0.03431 2� �
= 1,705.71 ∴

(32𝑦𝑛 + 3.28𝑦𝑛2)5 3�

�32 + 2𝑦𝑛 ∗ √1 + 3.282�
2
3�

= 1,705.71 

 
Solve for yn Using Trial and Error: ≈ {1,578-1,705.71} 

yn (ft) AR2/3  yn (ft) AR2/3 
 6 812.18  8 1427.65 
 7 1096.03  8.5 1612.11 
 7.5 1255.73  8.6 1650.54 
 8 1427.65  8.7 1689.47 
 8.1 1463.53  8.71 1693.39 
 8.2 1499.92  8.72 1697.32 
 8.3 1536.81  8.73 1701.25 
 8.4 1574.20  8.74 1705.19 
 8.41 1577.97 OK 8.741 1705.59 OK 

 

 

Observed Flood Level = 12.97 ft 

Based on the world catalog of maximum observed floods, a high water level was determined for 
our watershed.  Compared to the observed flood level by the inhabitants of Chichica, the 
calculated flood levels are less than the observed value and will be used as lower limits. 

  



APPENDIX E: CABLE CHARACTERISTICS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 

 
 

 

 

 

 
 
 

 
 

 
 

 
 
 

 
 

 
 
 

SYMBOLS  

 Bridge Span, distance between tower axes 

 Camber, vertical distance from the spanning cable anchorage 
(top of walkway and tower foundation minus 0.25m) 
and the highest point the spanning  cable 

 Sag, vertical distance from tower saddle to the lowest point of the main cable 

 Tower height, vertical distance between top of walkway and tower foundation and 
saddle cable 

 Diameter of main cables 

 Diameter of spanning cables 

 full load in (tonnes/m) 

 Main cable tension at saddle for front stays (all main cables) 

 Permissible cable tension 

 Front stay cable inclination at saddle 

 Initial approximation of   

 Backstay cable inclination = front stay cable inclination at saddle for full load  

 Modulus of elasticity of cables 

 Backstay distance for main cables, distance between tower axis and 
hinge of the main cable anchorage(front of main cable anchorage for  
the design drawing 46/1 

 Length of main cables between cables 

 Total main cable length between main cable anchorages 

 

 Increase / Decrease of  f, DR, DL, D, L due to changing load 

 

 

 live load (tonnes/m) 

 Pretension of spanning cables (both spanning cables) expressed as 
equally distributed load in (tonnes/m) 

 Number of cables 

 Overlap cable length at terminals 

 Cutoff cable length  

l

Cd

F f, 

ht

σm

σs

g

T

Tperm

θ

θfo θf

βf

E

DL DR, 

L

Ltotal

∆ f

∆ D.R ∆ D.L, 

∆ D

∆ L

p

Ps

n

Loverlap

Lcutoff



 
 

 
 

 

 

 

 

 
  

 Indices: 

 hoisting load 

 dead load 

 full load 

 right bank 

 left bank 

 Initial State 

h

d

f

R

L

i fo, 



 
 
 
 

  

 

 

Bridge Span  

 

Dead Load camber 

 

 

Dead load Sag 

 
 

Theoretical tower height 

 

 

Table 45 (Page 171) 
 
       Select Standard Tower case #3 

 
Main cables:            
 
2.    Spanning Cables:                                 
    

   

   
 
3.    Tower Height:               

Effective dead load sag 

  

 which is in the range of (0.09,0.137).     Checked! 

Select gf (Table Pg. 172) 

 

Calculate full load cable tension  

 ,  which is less than Tperm = 46 tonnes. 

We will use n=2, σ M=36mm main cables. (Tperm= 46 tonnes) 

ORIGIN 1:=

tonnes 1000kg:=

l 56.69m 185.991 ft⋅=:=

Cd 0.03l 1.701 m⋅=:=

Cd 5.58 ft⋅=

fd 0.12l 6.803m=:=
fd 22.319 ft⋅=

ht1
fd Cd+ 1.05m+ 9.553m=:=

ht1
31.344 ft⋅=

σm 36mm:= σm 1.417 in⋅=n 2:=

n 2= σs 26mm:= σs 1.024 in⋅=

ht 9.20m:= ht 30.184 ft⋅=

fd ht 1.05m− Cd− 6.449m=:= fd 21.159 ft⋅=

fd
l

0.114=

gf.i 0.618
tonnes

m
:=

Tf gf.i
l2

8.4fd
⋅ 1 17.64

fd
l









2
⋅+⋅ 40.631 tonnes⋅=:=



 
 

 
 
 

 
 
 

 
 

  

Find θ fo to locate the main cable anchorage 

 

 

 

Diameter of Spanning cables  (Table 45, Pg 171) 

  

Assume Modulus of Elasticity (“apparent” not Young’s Modulus) E=10.5-16 tonnes/mm2 

    

Back Stay distances of Left and Right Banks (DL/R) 

  

  

Loading  

Hoisting load gh 

   

  

2.    Dead Load gd 

  

  

 

 (Spanning Cables) 

  

Assume 11.5 based 
on sample calcs from 
reference text 

4.2
fd
l

0.478=

atan 0.478( ) 25.548 deg⋅=

θfo 25.548deg:=

n 2= σs 1.024 in⋅=

E 11.5
tonnes

mm2
:= E 1.636 107

×
lb

in2
⋅=

DL 19.7
ft

tan θfo( ) 41.213 ft⋅=:= DL 12.562m=

DR 20.48
ft

tan θfo( ) 42.845 ft⋅=:= DR 13.059 m=

n 2= σm 36mm:= σs 26 mm⋅=

gh 0.00038058
tonnes

m cm2
⋅

n σm
2

⋅ 9.865 10 3−
×

tonnes
m

⋅=:= gh 3.314 10 3−
×

ton
ft

⋅=

gwalk 0.088
tonnes

m
:=gh 9.865 10 3−

×
tonnes

m
⋅=

ghand 0.003
tonnes

m
:=gwire 0.006

tonnes
m

:=

gsuspender 0.017
tonnes

m
:=

gs 0.00038058
ton

m cm2
⋅

n σs
2

⋅ 4.668 10 3−
×

tonnes
m

⋅=:=

gd gh gwalk+ ghand+ gwire+ gsuspender+ gs+ 0.129
tonnes

m
⋅=:= gd 0.043

ton
ft

⋅=



 
  

3.       Live load  p 

 

4.       Full load gf 

   

Pretensions in spanning cables 

  

  Full load sag and Hoisting load sag 

  

Cable inclination at saddles 

 

 

 

Cable tension in main cables 

  

Use for selecting main cables,Tf is for both cables 

 

 

Displacement of Saddles  

Hosting load 

 

 

p 0.48
tonnes

m
:=

gf gd p+ 0.609
tonnes

m
⋅=:= gf 0.204

ton
ft

⋅=
gf

1.2m
103.864

lb

ft2
⋅=

Ps 0.1gd 0.013
tonnes

m
⋅=:= Ps 4.318 10 3−

×
ton
ft

⋅=

Ff 6.797m:= Fh 6.265m:=

4
Ff

l
0.48=

atan 0.48( ) 25.641 deg⋅=

βf 25.641deg:=

Tf gf
l2

8 Ff⋅
⋅ 1 16

Ff

l








2
⋅+⋅ 39.888 tonnes⋅=:= Tf 43.969 ton⋅=

Th gh
l2

8 Fh⋅
⋅ 1 16

Fh

l








2
⋅+⋅ 0.692 tonnes⋅=:=

Th 0.762 ton⋅=

∆ D.R 0.035− m:=

∆ D.L 0.032− m:=



 
 

 
 
 

 

 
 
 
 
 

 
 

 
 
 
 
 
  

2.    Full load  

 

 

Cable Length  (Excluding overlapping length at terminals) 

  
 

Cable Length  (Including overlapping length at terminals) 

 

(Page 50, Krahenbuhl & Wagner) with diameter 36mm, 7 Bulldog Grips, 
Gap 210mm 

 

 

∆ D.R 0.032m:=

∆ D.L 0.031m:=

Ltotal 87.006m:=

Loverlap 1.75m:=

Lcutoff Ltotal 2 Loverlap⋅+ 90.506 m=:=

Lcutoff 296.936 ft⋅=



APPENDIX F: TOWER DESIGN CALCULATIONS 
  



 
  

SYMBOLS  

 Bridge Span, distance between tower axes 

 Camber  

 Sag, vertical distance from tower saddle to the lowest point of the main cable 

 Tower height, vertical distance between top of walkway and tower 
foundation and saddle cable 

 Diameter of main cables 

 Diameter of spanning cables 

 Horizontal displacement of the bridge center under wind load 

 Maximum tension in spanning cables 

 Horizontal component of  the spanning cable tension in the direction of 
bridge axis  
Front stay cable inclination at saddle 

 

 Initial approximation of   

 Backstay cable inclination = front stay cable inclination at saddle for full load  

 Modulus of elasticity of cables 

 Backstay distance for main cables, distance between tower axis and 
hinge of the main cable anchorage(front of main cable anchorage for 
the design drawing 46/1 

 Length of main cables between saddles 

 Length of spanning cables between tower axes  

 

 
Increase / Decrease of  f, DR, DL, D, L due to changing load 

 

 

 Pretension of spanning cables (both spanning cables) expressed as 
equally distributed load in (tonnes/m) 

 Number of cables 

 Total Cross-Sectional Area of cables  

 Dead weight of tower 

 Center distance of tower legs 

l

c

F f, 

ht

σm

σs

x

TS

TH

θ

θfo θf

βf

E

DL DR, 

LM

LS

∆ f

∆ D.R ∆ D.L, 

∆ D

∆ L

Ps

n

A

Gt

c_ratio



 

  

 Inclination angle of the plane of the spanning cables under wind load in 
relation to the vertical 

 Inclination angle of the plane of the main cables under wind load in 
relation to the vertical 

 Horizontal component of the main cable tension (all main cables) 

 Horizontal load on top of towers 

 Vertical load on top of towers 

 Vertical reaction at tower base, tower leg 1 

 Vertical reaction at tower base, tower leg 2 

 Horizontal reaction at tower base 

 Maximum tension in spanning cables 

 Horizontal Component of the spanning cable tension in the 
direction of the bridge axis 

 Vertical component of the spanning cable tension 

 Pretension in sideway cables 

 Overlap cable length at terminals 

 Cutoff cable length  

 Integral factor for average tension along cable 

 Load on main cables under wind 

 Load on spanning cables under wind 

Indices 

 hoisting load 

 dead load 

 full load 

 right bank 

 left bank 

 Initial State 

α1

γ 1

H

Hw

V

P1

P2

PH

TS

TH

TV

Tps

Loverlap

Lcutoff

k

PM1

PS1

h

d

f

R

L

i fo, o, 



 
  Tower Calculation 

Initial Layout data 

  

    

  
  

  

    

 
Calculate total section Area 

 

 

Calculate initial cable lengths: 

 Load case  A-----Dead load (Full load) 

Calculate initial cable lengths: 

  

 

 (Main cables) 

(Spanning Cables) 
 

Pretension in spanning cables 

 

 

ORIGIN 1:= tonnes 1000kg:=

l 56.69m:= ht 9.20m:= fd 6.45m:= gd 0.129
tonnes

m
:=

c_ratio 3.50m:= σm 36mm:=
Ff 6.797m:= gf 0.609

tonnes
m

:=
n 2:= σs 26mm:=

βf 25.641deg:=E 11.5
tonnes

mm2
:= Cd 1.7m:=A 537.23mm2

:=

Am 2A 1.074 103
× mm2

⋅=:=

As 2 280.22⋅ mm2 560.44 mm2
⋅=:=

fo fd:= w 0.1
tonnes

m
:=

Co Cd:=

Lmo l 1
8
3

fo
l









2
+

32
5

fo
l









4
⋅−









⋅ 58.586m=:=

Lso l 1
8
3

Co

l








2
+









56.826m=:=

Ps 0.1 gd⋅ 0.013
tonnes

m
⋅=:=

w1 w 0.232
0.0075

m
ht+





⋅ 0.03
tonnes

m
⋅=:=



 

  

Calculate the displacement x and sag f (Loading cases iteration) 

Step 0: 

 

 

Step 1: 

.   

 

 

2.   

 

 

      

Step 2: 

 

 

 

 

 

 

x 0.015l 0.85m=:=

f1 1.002fo 6.463m=:=

x
f1 1.30m+

0.11=

γ 1 asin 0.11( ):=

γ 1 6.315 deg⋅=

x
0.25m ht+ cos γ 1( ) f1 1.3m+( )−

0.49=

α1 atan 0.49( ):=

α1 26.105 deg⋅=

C1
x

sin α1( ) 1.933m=:=

LM1
l 1

8
3

f1
l









2
⋅+

32
5

f1
l









4
⋅−









⋅ 58.594 m=:=

LS1
l 1

8
3

C1

l








2
⋅+









⋅ 56.866 m=:=

k1 1.04:=

PM1
8f1E Am⋅

LM1
Lmo−

k1 Lmo⋅ l2
⋅ gd+ Ps+ 0.166

tonnes
m

⋅=:=

k2 1.003:=

PS1
8C1E As⋅

LS1
Lso−

k2 Lso⋅ l2
⋅ Ps+ 0.035

tonnes
m

⋅=:=



 
  

Step 3:  

 

 this is less than 0.002. 

So we will use the sag=6.462m 

 

Calculate the final data for load case A 

1.       Dead Weight of single tower 

 
 

2.      Vertical Load on top of the towers ( V/2 for each tower) 

  

3.       Horizontal load on top of the towers 

  

4.       Reactions at the tower base 
(Loads on walkway and tower foundation) 

  

  

  

  

  

newf1 fo f1 fo−( ) gd

PM1
cos γ 1( )⋅ PS1

cos α1( )⋅−
⋅+ 6.462m=:=

newx x
w1

PM1
sin γ 1( ) PS1

sin α1( )+
⋅ 0.766m=:=

newf1 f1− 4.694− 10 4−
× m=

DispalcementA
x newx+( )

2
0.808 m=:=

Gt 0.4tonnes 0.01
tonnes

m2
ht

2
+ 1.246 tonnes⋅=:=

Gt 1.374 ton⋅=

V PM1
l
2

⋅ cos γ 1( )⋅ 1 l
tan βf( )

4 newf1 cos γ 1( )⋅
⋅+









⋅ 9.622 tonnes⋅=:= V 10.607 ton⋅=

Hw PM1
l
2

⋅ sin γ 1( )⋅ 0.517 tonnes⋅=:= Hw 0.57 ton⋅=

P1
V
2

Gt

2
+

Hw ht⋅

c_ratio
−

1.025 w1⋅ ht
2

⋅

c_ratio
− 3.329 tonnes⋅=:= P1 3.669 ton⋅=

P2
V
2

Gt

2
+









Hw ht⋅

c_ratio
+









1.025 w1⋅ ht
2

⋅

c_ratio
+ 7.54 tonnes⋅=:= P2 8.311 ton⋅=

PH Hw 2.05w1 ht⋅+
PS1

l⋅

2
sin α1( )⋅+ 1.515 tonnes⋅=:=

PH 1.67 ton⋅=

Tsv

PS1
l⋅

2
cos α1( )⋅ 0.879 tonnes⋅=:= Tsv 0.968 ton⋅=

Tsh

PS1
l2⋅

8C1
7.175 tonnes⋅=:= Tsh 7.909 ton⋅=



 
  

5.        Maximum tension in spanning cables (both cables): 

 
 

Capacity Check for load case A  

 

 

 

Calculate initial cable lengths: 

 Load case  B-----Dead load (W/3+Full load) 

Calculate initial cable lengths: 

   

 

 (Main cables) 

(Spanning Cables) 
 

Pretension in spanning cables 

 

 

Pg194, Krahenbuhl & Wagner. 
O.K. Checked! 

Ts

PS1
l2⋅

8C1
1 16

C1

l








2
⋅+⋅ 7.241 tonnes⋅=:=

Ts 7.982 ton⋅=

V 9.622 tonnes⋅=

Hw 0.517 tonnes⋅=

ht 9.2m=

fo Ff:= w 0.033
tonnes

m
:= Cf ht 1.05m− Ff− 1.353 m=:=

Co Cf:=

Lmo l 1
8
3

fo
l









2
+

32
5

fo
l









4
⋅−









⋅ 58.788m=:=

Lso l 1
8
3

Co

l








2
+









56.776m=:=

Ps 0
tonnes

m
⋅:=

w1 w 0.232
0.0075

m
ht+





⋅ 9.933 10 3−
×

tonnes
m

⋅=:=



 
  

Calculate the displacement x and sag f (Loading cases iteration) 

Step 0: 

 

 

Step 1: 

.   

 

2.   

 

      

Step 2: 

 

 

 

 

x 0.0025l 0.142 m=:=

f1 1.002fo 6.811m=:=

x
f1 1.30m+

0.017=

γ 1 asin 0.017( ):=

x
0.25m ht+ cos γ 1( ) f1 1.3m+( )−

0.106=

α1 atan 0.106( ):=

C1
x

sin α1( ) 1.345m=:=

LM1
l 1

8
3

f1
l









2
⋅+

32
5

f1
l









4
⋅−









⋅ 58.796 m=:=

LS1
l 1

8
3

C1

l








2
⋅+









⋅ 56.775 m=:=

PM1
8f1E Am⋅

LM1
Lmo−

k1 Lmo⋅ l2
⋅ gf+ Ps+ 0.65

tonnes
m

⋅=:=

PS1
8C1E As⋅

LS1
Lso−

k2 Lso⋅ l2
⋅ Ps+ 0.012

tonnes
m

⋅=:=



 
  

Step 3:  

 

 this is less than 0.002. 

So we will use the sag=6.81m 

 

Calculate the final data for load case B 

1.       Dead Weight of single tower 

 
 

2.      Vertical Load on top of the towers ( V/2 for each tower) 

 

 Vertical load worst case control 

3.       Horizontal load on top of the tower 

 

4.       Reactions at the tower base 
(Loads on walkway and tower foundation) 

 

 

 

 

 

newf1 fo f1 fo−( ) gf

PM1
cos γ 1( )⋅ PS1

cos α1( )⋅−
⋅+ 6.81m=:=

newx x
w1

PM1
sin γ 1( ) PS1

sin α1( )+
⋅ 0.114m=:=

newf1 f1− 6.003− 10 4−
× m=

DisplacementB
x newx+( )

2
0.128m=:=

Gt 0.4tonnes 0.01
tonnes

m2
ht

2
+ 1.246 tonnes⋅=:=

Gt 1.374 ton⋅=

V PM1
l
2

⋅ cos γ 1( )⋅ 1 l
tan βf( )

4newf1 cos γ 1( )⋅
⋅+









⋅ 36.807 tonnes⋅=:=

V 40.572 ton⋅=

Hw PM1
l
2

⋅ sin γ 1( )⋅ 0.313 tonnes⋅=:=

P1
V
2

Gt

2
+

Hw ht⋅

c_ratio
−

1.025 w1⋅ ht
2

⋅

c_ratio
− 17.957 tonnes⋅=:=

P2
V
2

Gt

2
+









Hw ht⋅

c_ratio
+









1.025 w1⋅ ht
2

⋅

c_ratio
+ 20.096 tonnes⋅=:=

PH Hw 2.05w1 ht⋅+
PS1

l⋅

2
sin α1( )⋅+ 0.538 tonnes⋅=:=

Tsv

PS1
l⋅

2
cos α1( )⋅ 0.352 tonnes⋅=:=

Tsh

PS1
l2⋅

8C1
3.733 tonnes⋅=:=



 
 

 
 
 
 

 
 

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

5.        Maximum tension in spanning cables (both cables): 

 

Capacity Check for load case B  

 Pg 194 Krahenbuhl & Wagner 
O.K.  Checked!  

 

Ts

PS1
l2⋅

8C1
1 16

C1

l








2
⋅+⋅ 3.749 tonnes⋅=:=

V 36.807 tonnes⋅=

Hw 0.313 tonnes⋅=

ht 9.2m=



APPENDIX G: FOUNDATION AND WALKWAY DESIGN CALCULATIONS 
  



 

  
 

 
Open dimensions of foundation 

 

 

 

 

 Loads on foundation from tower calculation for loading case A 
and B 

 

 

 Partial weights of foundation block 

 Height of inclination of backfilling soil measured either from 
the foundation base or from the rock face  

 Height of inclination of ground surface in front of foundation, 
measured either from the foundation base or from the rock face  

 
Height of the rock face at the back (hra) or the front (hrp) of the foundation, 
measured from foundation base  

 Distance of the ground water level from the foundation base 

 Unit weight of moist soil. : subsoil , : backfilling   

 Angle of internal friction of soil 

 Unit weight of concrete / masonry 

 Unit weight of water 

 Uplift due to ground water 

 Angle of wall friction 

 Active horizontal earth pressure coefficient 

 Active horizontal earth pressure  

 Active vertical earth pressure  

 Vertical component of R 

 Sum of static moments of all acting forces in the  
center of the foundation base 

SYMBOLS

B

L

H

P1

P2

PH

Tsv

Tsh

w1

ha

ϕ

hp

ε

hra

hrp

hw

γ 1 γ 2, γ 1 γ 2

Φ

γ c

γ w

wu

δ

λah

Eah

Eav

Rv

Mx My, 



 
 
 
 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
  

 Eccentricity of resultant loading force  
at the foundation base 

Distance of the resultant loading force from  
the edge of the foundation base  

 Inclination of R towards vertical 

 Factor for the calculation of   

 Safety factor against sliding 

 Shape correcting coefficients 

 Topographical correcting coefficient 

 Ground bearing - capacity coefficients 

 Shear resistance of ground 

 Safety factor against shear failure of ground 

ex ey, 

u v, 

δR

Z δmax

F.sl

Sq Sγ, 

gε

Nγ Nq, 

Qv

FBC



    

Walkway and Tower foundation 

North Bank: 

Loads  
A  B  Loading cases:  

  

  

  

  

  

Type of foundation Without foot 
in soil (rectangular) 

Without foot 
in soil (rectangular) 

Dimensions  

  

  

  

From topographic survey 
  

  

  

  

  

Soil data 

 

  

ORIGIN 1:= tonnes 1000kg:=

Pa1
3.329tonnes:= Pb1

17.957tonnes:=

Pa2
7.54tonnes:= Pb2

20.096tonnes:=

PH.a 1.515tonnes:= PH.b 0.538tonnes:=

Tasv 0.879tonnes:= Tbsv 0.352tonnes:=

Tash 7.175tonnes:= Tbsh 3.733tonnes:=

Ba 14ft 4.267 m=:= Bb 14ft:=

La 18.5ft 5.639m=:= Lb 18.5ft:=

Ha 13ft 3.962m=:= Hb 13ft:=

haa 13ft 3.962 m=:= hab haa:=

hpa 6.6ft 2.012 m=:= hpb hpa:=

ϕa 23deg:= ϕb ϕa:=

εa 9− deg:= εb εa:=

hw.a 1.93ft:= hw.b hw.a:=

Φ 30deg:=

γ 1 80
lb

ft3
1.281

tonnes

m3
⋅=:= γ 2 75

lb

ft3
0.034

tonnes

ft3
⋅=:=



 
 

  

Loading Cases A: 

Weight  

 

Uplift  

 

Earth Pressure, tonnes 

 

 

 

 

 

 

 

 

 

Calculate resultant loading force 

  

wa1
Ba Ha⋅ La⋅ γ c⋅ 209.754 tonnes⋅=:=

wu1
Ba hw.a⋅ La γ w⋅ 14.155 tonnes⋅=:=

back−

δ
2
3

Φ:=

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕa−( )

cos δ( ) cos ϕa( )⋅
+









2
0.425=:=

Eah1
λah

γ 2 haa( )2La⋅ 
2

22.598 tonnes⋅=:=

Eav1
Eah1

tan δ( ) 8.225 tonnes⋅=:=

front−

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ εa−( )

cos δ( ) cos εa( )⋅
+









2
0.253=:=

Eah2
λah

hpa( )2

2
La⋅ γ 2⋅ 3.472 tonnes⋅=:=

Eav2
Eah2

tan δ( )⋅ 1.264 tonnes⋅=:=

γ w 1
tonnes

m3
62.428

lb

ft3
⋅=:=

γ c 2.2
tonnes

m3
137.342

lb

ft3
⋅=:=



 
 

 

 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 

 
 
 
 

 
 
 
  
  

Forces  

--Vertical forces 

 

Left arm m in the direction of 

  

  

  

 

 

Moment Mx & My 

 

 

Results: 

 

 

 

 

 

Check: 

  <  o.k. 

  <  o.k. 

  

Rv wa1
wu1

− Eav1
+ Eav2

+ Pa1
+ Pa2

+ Tasv− 215.078 tonnes⋅=:=

Yp1
3.5m

2
1.75m=:=XE.ah1

haa

3
1.321m=:=

Yp2
Yp1

1.75m=:=XE.av1

Ba

2
2.134m=:=

Yph Ha 3.962m=:=XE.ah2

hpa

3
0.671m=:=

XE.av2

Ba

2
2.134m=:=

XTa.sh Ha 0.25m− 3.712 m=:=

Mx XE.ah1
Eah1

⋅ XE.ah2
Eah2

⋅+ XE.av1
Eav1

⋅+ XE.av2
Eav2

⋅+ Tash XTa.sh⋅+ 79.058 tonnes m⋅⋅=:=

My Pa1
Yp1

⋅ Pa2
Yp2

⋅+ PH.a Yph⋅+ 25.024 tonnes m⋅⋅=:=

PH.a 1.515 tonnes⋅=

Eah1
Eah2

+ Tash+ 33.246 tonnes⋅=

Rv 215.078 tonnes⋅=

Mx 79.058 tonnes m⋅⋅=

My 25.024 tonnes m⋅⋅=

ex
Mx

Rv
0.368m=:=

Ba

6
0.711m=

ey
My

Rv
0.116 m=:=

La

6
0.94m=

u
Ba

2
ex− 1.766m=:= v

La

2
ey− 2.703m=:=



 
 
 
 

 
 

 
 

 
 

 
 

 
 
 

 

 
 
 

 
 

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
  

 

 

3. Safety against Sliding 

 

4. Maximum ground bearing pressure 

  

 

 

5. Safety factor against shear failure of ground  

 

 

From 6.42 table 21, Krahenbuhl & 
Wagner 

 

 From 6.42 table 22, Krahenbuhl & 
Wagner 

  

  From 6.42 table 23  α =0, Krahenbuhl & 
Wagner 

  

 

 Checked! 

6. Reinforcement 

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT 

From Table 61,(pg. 211, Krahenbuhl & Wagner) 

tanδR

Eah1
Eah2

+ Tash+( )2 PH.a
2

+

Rv
0.155=:=

δR atan 0.155( ) 8.811 deg⋅=:=

Fa.sl
tan Φ( )
tanδR

3.731=:=

u
Ba

0.414=
v
La

0.479=

Z 1.3:=

δmax Z
Rv

4u v⋅
⋅ 14.643

tonnes

m2
⋅=:=

q hpa hw.a−( ) γ 1⋅ hw.a γ 1 γ w−( )⋅+ 1.99
tonnes

m2
⋅=:=

Sq 1 0.2 tan Φ( )( )6 Ba

La
⋅+









+ 1.228=:=

Sγ 1 0.5 0.2 tan Φ( )( )6
+ 

Ba

La
⋅− 0.91=:=

gε 1 0.5 tan εa−( )−( )5 0.662=:=

Φ 30 deg⋅= δR 8.811 deg⋅=

Nγ 11.5:= Nq 13.5:=

Ba' 2u 3.532 m=:= La' 2v 5.406 m=:=

Qv Ba' La'( )⋅
Ba'

2
γ 1 γ w−( )⋅ Nγ⋅ Sγ⋅ q Nq⋅ Sq⋅+









⋅ gε⋅ 482.72 tonnes⋅=:=

Fa.BC
Qv

Rv
2.244=:=



 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

Loading Cases B: 

Weight  

 

Uplift  

 

Earth Pressure, tonnes 

 

 

 

 

 

 

 

 

 

wb1
Bb Hb⋅ Lb⋅ γ c⋅ 209.754 tonnes⋅=:=

wu1
Bb hw.b⋅ Lb γ w⋅ 14.155 tonnes⋅=:=

back−

δ
2
3

Φ:=

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕb−( )

cos δ( ) cos ϕb( )⋅
+









2
0.425=:=

Ebh1
λah

γ 2 hab( )2Lb⋅ 
2

22.598 tonnes⋅=:=

Ebv1
Ebh1

tan δ( ) 8.225 tonnes⋅=:=

front−

λbh
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ εb−( )

cos δ( ) cos εb( )⋅
+









2
0.253=:=

Ebh2
λbh

hpb( )2

2
Lb⋅ γ 2⋅ 3.472 tonnes⋅=:=

Ebv2
Ebh2

tan δ( )⋅ 1.264 tonnes⋅=:=



 
 

 

 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 

 
 
 
 

 
 
  
  

Forces  

--Vertical forces 

 

Left moment arm in the direction perpendicular to bridge axis 

  

  

  

 

 

Moment Mx & My 

 

 

Results: 

 

 

 

 

 

Check: 

  <  o.k. 

  <  o.k. 

  

Rv wb1
wu1

− Ebv1
+ Ebv2

+ Pb1
+ Pb2

+ Tbsv− 242.789 tonnes⋅=:=

Yp1
3.5m

2
1.75m=:=XE.bh1

hab

3
1.321 m=:=

Yp2
Yp1

1.75m=:=XE.bv1

Bb

2
2.134m=:=

Yph Hb 3.962 m=:=XE.bh2

hpb

3
0.671m=:=

XE.bv2

Bb

2
2.134m=:=

XTb.sh Hb 0.25m− 3.712 m=:=

Mx XE.bh1
Ebh1

⋅ XE.bh2
Ebh2

⋅+ XE.bv1
Ebv1

⋅+ XE.bv2
Ebv2

⋅+ Tbsh XTb.sh⋅+ 66.28 tonnes m⋅⋅=:=

My Pb1
Yp1

⋅ Pb2
Yp2

⋅+ PH.b Yph⋅+ 68.725 tonnes m⋅⋅=:=

PH.b 0.538 tonnes⋅=

Ebh1
Ebh2

+ Tbsh+ 29.804 tonnes⋅=

Rv 242.789 tonnes⋅=

Mx 66.28 tonnes m⋅⋅=

My 68.725 tonnes m⋅⋅=

ex
Mx

Rv
0.273m=:=

Bb

6
0.711m=

ey
My

Rv
0.283 m=:=

Lb

6
0.94 m=

u
Bb

2
ex− 1.861m=:= v

Lb

2
ey− 2.536m=:=



 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 

 

 

3. Safety against Sliding 

 

4. Maximum ground bearing pressure 

  

From Table 61,pg 211, Krahenbuhl & 
Wagner   

                                

 

5. Safety factor against shear failure of ground  

 

 

From 6.42 table 21, Krahenbuhl & 
Wagner 

 

 From 6.42 table 22, Krahenbuhl & 
Wagner 

  

  From 6.42 table 23  α =0, Krahenbuhl & 
Wagner 

  

 

 Checked! 

6. Reinforcement 

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT 

tanδR

Ebh1
Ebh2

+ Tbsh+( )2 PH.b
2

+

Rv
0.123=:=

δR atan 0.123( ) 7.012 deg⋅=:=

Fb.sl
tan Φ( )
tanδR

4.703=:=

u
Bb

0.436=
v
Lb

0.45=

Z 1.32:=

δmax Z
Rv

4u v⋅
⋅ 16.978

tonnes

m2
⋅=:=

q hpb hw.b−( ) γ 1⋅ hw.b γ 1 γ w−( )⋅+ 1.99
tonnes

m2
⋅=:=

Sq 1 0.2 tan Φ( )( )6 Bb

Lb
⋅+









+ 1.228=:=

Sγ 1 0.5 0.2 tan Φ( )( )6
+ 

Bb

Lb
⋅− 0.91=:=

gε 1 0.5 tan εb−( )−( )5 0.662=:=

Φ 30 deg⋅= δR 7.012 deg⋅=

Nγ 12.5:= Nq 14:=

Bb' 2u 3.721m=:= Lb' 2v 5.073m=:=

Qv Bb' Lb'( )⋅
Bb'

2
γ 1 γ w−( )⋅ Nγ⋅ Sγ⋅ q Nq⋅ Sq⋅+









⋅ gε⋅ 501.913 tonnes⋅=:=

Fb.BC
Qv

Rv
2.067=:=



 
 

 
 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

Check List of Results (North bank): 

Loading Cases : A   

  Safety Factor against sliding 
(>1.5) 

  

Eccentricity of resultant force 
                         Rv 

  >    >  

  >    >  

Safety factor against shear  
      failure of soil 
(>2.0) 

B

Fa.sl 3.731= Fb.sl 4.703=

Fa.BC 2.244= Fb.BC 2.067=

Ba'

2
1.766 m=

Ba

3
1.422m=

Bb'

2
1.861m=

Bb

3
1.422m=

La'

2
2.703m=

La

3
1.88m=

Lb'

2
2.536 m=

Lb

3
1.88m=



 
  

  

Walkway and Tower foundation 

South Bank: 

Loads  

Loading cases:  A  B  
  

  

  

  

  

Type of foundation Without foot 
in soil (rectangular) 

Without foot 
in soil (rectangular) 

Dimensions  

  

  

  

From topographic survey 
  

  

  

  

  

Soil data 

 

  

Calculate  resultant loading force 

 

 

ORIGIN 1:= tonnes 1000kg:=

Pa1
3.329tonnes:= Pb1

17.957tonnes:=

Pa2
7.54tonnes:= Pb2

20.096tonnes:=

PH.a 1.515tonnes:= PH.b 0.538tonnes:=

Tasv 0.879tonnes:= Tbsv 0.352tonnes:=

Tash 7.175tonnes:= Tbsh 3.733tonnes:=

Ba 14ft 4.267m=:= Bb 14ft:=

La 18.5ft 5.639m=:= Lb 18.5ft:=

Ha 13ft 3.962m=:= Hb 13ft:=

haa 12.19ft 3.716 m=:= hab haa:=

hpa 8.0ft 2.438 m=:= hpb hpa:=

ϕa 16deg:= ϕb ϕa:=

εa 17− deg:= εb εa:=

hw.a 1.93ft:= hw.b hw.a:=

Φ 30deg:=

γ 1 80
lb

ft3
1.281

tonnes

m3
⋅=:= γ 2 75

lb

ft3
0.034

tonnes

ft3
⋅=:=

γ c 2.2
tonnes

m3
137.342

lb

ft3
⋅=:=

γ w 1
tonnes

m3
62.428

lb

ft3
⋅=:=



 
 
 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Loading Cases A: 

Weight  

 

Uplift  

 

Earth Pressure, tonnes 

 

 

 

 

 

 

 

 

 

wa1
Ba Ha⋅ La⋅ γ c⋅ 209.754 tonnes⋅=:=

wu1
Ba hw.a⋅ La γ w⋅ 14.155 tonnes⋅=:=

back−

δ
2
3

Φ:=

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕa−( )

cos δ( ) cos ϕa( )⋅
+









2
0.355=:=

Eah1
λah

γ 2 haa( )2La⋅ 
2

16.613 tonnes⋅=:=

Eav1
Eah1

tan δ( ) 6.046 tonnes⋅=:=

front−

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ εa−( )

cos δ( ) cos εa( )⋅
+









2
0.234=:=

Eah2
λah

hpa( )2

2
La⋅ γ 2⋅ 4.716 tonnes⋅=:=

Eav2
Eah2

tan δ( )⋅ 1.717 tonnes⋅=:=



 
 

 

 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 

 
 
 
 

 
 
  
  

Forces  

--Vertical forces 

 

Left moment arm in the direction perpendicular to the bridge axis 

  

  

  

 

 

Moment Mx & My 

 

 

Results: 

 

 

 

 

 

Check: 

  <  o.k. 

  <  o.k. 

  

Rv wa1
wu1

− Eav1
+ Eav2

+ Pa1
+ Pa2

+ Tasv− 213.353 tonnes⋅=:=

Yp1
3.5m

2
1.75m=:=XE.ah1

haa

3
1.239m=:=

Yp2
Yp1

1.75m=:=XE.av1

Ba

2
2.134m=:=

Yph Ha 3.962m=:=XE.ah2

hpa

3
0.813m=:=

XE.av2

Ba

2
2.134m=:=

XTa.sh Ha 0.25m− 3.712 m=:=

Mx XE.ah1
Eah1

⋅ XE.ah2
Eah2

⋅+ XE.av1
Eav1

⋅+ XE.av2
Eav2

⋅+ Tash XTa.sh⋅+ 67.608 tonnes m⋅⋅=:=

My Pa1
Yp1

⋅ Pa2
Yp2

⋅+ PH.a Yph⋅+ 25.024 tonnes m⋅⋅=:=

PH.a 1.515 tonnes⋅=

Eah1
Eah2

+ Tash+ 28.504 tonnes⋅=

Rv 213.353 tonnes⋅=

Mx 67.608 tonnes m⋅⋅=

My 25.024 tonnes m⋅⋅=

ex
Mx

Rv
0.317m=:=

Ba

6
0.711m=

ey
My

Rv
0.117 m=:=

La

6
0.94m=

u
Ba

2
ex− 1.817m=:= v

La

2
ey− 2.702m=:=



 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
  

 

 

3. Safety against Sliding 

 

4. Maximum ground bearing pressure 

  

From Table 61,pg 211, Krahenbuhl & Wagner.                                            

 

5. Safety factor against shear failure of ground  

 

 

From 6.42 table 21, Krahenbuhl 
& Wagner  

 

 From 6.42 table 22, Krahenbuhl 
& Wagner 

  

  From 6.42 table 23  α =0, Krahenbuhl 
& Wagner 

  

 

 Checked! 

6. Reinforcement 

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT 

tanδR

Eah1
Eah2

+ Tash+( )2 PH.a
2

+

Rv
0.134=:=

δR atan 0.134( ) 7.632 deg⋅=:=

Fa.sl
tan Φ( )
tanδR

4.315=:=

u
Ba

0.426=
v
La

0.479=

Z 1.29:=

δmax Z
Rv

4u v⋅
⋅ 14.016

tonnes

m2
⋅=:=

q hpa hw.a−( ) γ 1⋅ hw.a γ 1 γ w−( )⋅+ 2.536
tonnes

m2
⋅=:=

Sq 1 0.2 tan Φ( )( )6 Ba

La
⋅+









+ 1.228=:=

Sγ 1 0.5 0.2 tan Φ( )( )6
+ 

Ba

La
⋅− 0.91=:=

gε 1 0.5 tan εa−( )−( )5 0.436=:=

Φ 30 deg⋅= δR 7.632 deg⋅=

Nγ 12:= Nq 14.2:=

Ba' 2u 3.633 m=:= La' 2v 5.404 m=:=

Qv Ba' La'( )⋅
Ba'

2
γ 1 γ w−( )⋅ Nγ⋅ Sγ⋅ q Nq⋅ Sq⋅+









⋅ gε⋅ 426.769 tonnes⋅=:=

Fa.BC
Qv

Rv
2=:=



 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Loading Cases B: 

Weight  

 

Uplift  

 

Earth Pressure, tonnes 

 

 

 

 

 

 

 

 

 

wb1
Bb Hb⋅ Lb⋅ γ c⋅ 209.754 tonnes⋅=:=

wu1
Bb hw.b⋅ Lb γ w⋅ 14.155 tonnes⋅=:=

back−

δ
2
3

Φ:=

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕb−( )

cos δ( ) cos ϕb( )⋅
+









2
0.355=:=

Ebh1
λah

γ 2 hab( )2Lb⋅ 
2

16.613 tonnes⋅=:=

Ebv1
Ebh1

tan δ( ) 6.046 tonnes⋅=:=

front−

λbh
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ εb−( )

cos δ( ) cos εb( )⋅
+









2
0.234=:=

Ebh2
λbh

hpb( )2

2
Lb⋅ γ 2⋅ 4.716 tonnes⋅=:=

Ebv2
Ebh2

tan δ( )⋅ 1.717 tonnes⋅=:=



 
 

 

 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
  

  

Forces  

--Vertical forces 

 

Left moment arm the direction perpendicular to the bridge axis 

  

  

  

 

 

Moment Mx & My 

 

 

Results: 

 

 

 

 

 

Check: 

  <  o.k. 

  <  o.k. 

  

Rv wb1
wu1

− Ebv1
+ Ebv2

+ Pb1
+ Pb2

+ Tbsv− 241.064 tonnes⋅=:=

Yp1
3.5m

2
1.75m=:=XE.bh1

hab

3
1.239 m=:=

Yp2
Yp1

1.75m=:=XE.bv1

Bb

2
2.134m=:=

Yph Hb 3.962 m=:=XE.bh2

hpb

3
0.813m=:=

XE.bv2

Bb

2
2.134m=:=

XTb.sh Hb 0.25m− 3.712 m=:=

Mx XE.bh1
Ebh1

⋅ XE.bh2
Ebh2

⋅+ XE.bv1
Ebv1

⋅+ XE.bv2
Ebv2

⋅+ Tbsh XTb.sh⋅+ 54.83 tonnes m⋅⋅=:=

My Pb1
Yp1

⋅ Pb2
Yp2

⋅+ PH.b Yph⋅+ 68.725 tonnes m⋅⋅=:=

PH.b 0.538 tonnes⋅=

Ebh1
Ebh2

+ Tbsh+ 25.062 tonnes⋅=

Rv 241.064 tonnes⋅=

Mx 54.83 tonnes m⋅⋅=

My 68.725 tonnes m⋅⋅=

ex
Mx

Rv
0.227m=:=

Bb

6
0.711m=

ey
My

Rv
0.285 m=:=

Lb

6
0.94 m=

u
Bb

2
ex− 1.906m=:= v

Lb

2
ey− 2.534m=:=



 
 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 

 
 

 
 
 

 
 
 
 

 
 

 
 

 
 

 

 

3. Safety against Sliding 

 

4. Maximum ground bearing pressure 

  

From Table 61,pg 211, Krahenbuhl & Wagner                                         

 

5. Safety factor against shear failure of ground  

 

 

From 6.42 table 21, Krahenbuhl & 
Wagner 

 

 From 6.42 table 22, Krahenbuhl & 
Wagner 

  

  From 6.42 table 23  α =0, Krahenbuhl & 
Wagner 
   

 

 

6. Reinforcement 

NO REQUIREMENTS FOR FOUNDATION WITHOUT FOOT 

tanδR

Ebh1
Ebh2

+ Tbsh+( )2 PH.b
2

+

Rv
0.104=:=

δR atan 0.104( ) 5.937 deg⋅=:=

Fb.sl
tan Φ( )
tanδR

5.552=:=

u
Bb

0.447=
v
Lb

0.449=

Z 1.30:=

δmax Z
Rv

4u v⋅
⋅ 16.218

tonnes

m2
⋅=:=

q hpb hw.b−( ) γ 1⋅ hw.b γ 1 γ w−( )⋅+ 2.536
tonnes

m2
⋅=:=

Sq 1 0.2 tan Φ( )( )6 Bb

Lb
⋅+









+ 1.228=:=

Sγ 1 0.5 0.2 tan Φ( )( )6
+ 

Bb

Lb
⋅− 0.91=:=

gε 1 0.5 tan εb−( )−( )5 0.436=:=

Φ 30 deg⋅= δR 5.937 deg⋅=

Nγ 13.5:= Nq 15:=

Bb' 2u 3.812m=:= Lb' 2v 5.069m=:=

Qv Bb' Lb'( )⋅
Bb'

2
γ 1 γ w−( )⋅ Nγ⋅ Sγ⋅ q Nq⋅ Sq⋅+









⋅ gε⋅ 449.473 tonnes⋅=:=

Fb.BC
Qv

Rv
1.865=:=



 
 

 
 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Check List of Results (South bank): 

Loading Cases : A   

  Safety Factor against sliding 
(>1.5) 

Safety factor against shear  
      failure of ground 
(>2.0) 

  

Eccentricity of resultant force 
                         Rv 

  >    >  

  >    >  

B

Fa.sl 4.315= Fb.sl 5.552=

Fa.BC 2= Fb.BC 1.865=

Ba'

2
1.817m=

Ba

3
1.422m=

Bb'

2
1.906m=

Bb

3
1.422m=

La'

2
2.702m=

La

3
1.88m=

Lb'

2
2.534 m=

Lb

3
1.88m=



 
 

 
 
 
 
 

 
 

 
 

 
 

 

 

 
 

 
 

 

 
 
 
 
 
 
 
  
  

SYMBOLS  

 Liquid Limit 

 Compression index 

 void ratio 

 Coefficient if consolidation 

 Unit weight of Concrete  

 Unit weight of Soil 

 Volume of the foundation 

 Vertical load excluding of foundation block acting  
on the bottom of the foundation block 

 Total Load corresponding to soil self-weight 

 Total load of Tower plus foundation  

 Total settlement 

 Constants of formula for time rate of settlement 

 time rate of settlement of 50% and 90% of total settlement 

LL

Cc

e

Cv

γ c

γ soil

Vblock

Ptower

Pi
Pf

∆ H

T50.90

t50.90



 
 

 
 
 

 
 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 

 
 
  
  

Foundation Settlement  

 

  

Initial Data 

 (Silty Clay)  

 (Loose silty clay soil)  (Assumed for Silty Clay) 

  (worst scenario) 

 (Singlely drained layer)  

 

 

(Use Wind/3 +Full load ( Load case B) of Tower calculations.--worst scenario)  

 

 

Total Settlement 

  

Time rate of settlement 

50% of total settlement 90% of total settlement 

 (Table 1.2 of GE handout)  

  

ORIGIN 1:=

tonnes 1000kg:= year 365day:=

LL 28:= Cc 0.009 LL 10−( ) 0.162=:=

ei 0.75:= Cv 0.03
ft2

day
:=

γ c 150
lb

ft3
:= H 13ft:=

Hdr H:=γ soil 75
lb

ft3
:=

Vblock 14ft 18.5⋅ ft 13⋅ ft 3.367 103
× ft3

⋅=:=

Ptower 20.096tonnes 4.43 104
× lb⋅=:=

Pi γ soil H⋅ 975
lb

ft2
⋅=:=

Pf
Ptower γ c Vblock⋅+( )

14ft 18.5⋅ ft
2.121 103

×
lb

ft2
⋅=:=

∆H H
Cc

1 ei+
⋅ log

Pf
Pi









⋅ 0.406 ft⋅=:= Totalsettelment( )

T50 0.197:= T90 0.848:=

t50 T50
Hdr

2

Cv
⋅ 3.04 year⋅=:= t90 T90

Hdr
2

Cv
⋅ 13.088 year⋅=:=



 
 

 
 

 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 

 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
  

Walkway Timber Checks ( NDS-05 Code, LRFD) 

 

Member Information: 

Wood Loads: 

MC: Moisture content in % 

G: Specific Gravity as to NDS (Assuming Southern Pin) 

: Density of Wood in pcf 

  

 

 

 

 

PLANKING CALCULATIONS: Using 2x6 Boards 

  

 

 

 

The distributed weight acting on the planking 
is 632.5 lbs/ft, which acts on a single plank.  

 

 

  

 

ORIGIN 1:=

Dwood

G 0.55:= PL 100
lb

ft2
:=

MC 25:=

Dwood 62.4
G

1 G 0.009( )⋅ MC( )+






⋅ 1
MC
100

+





38.176=:=

Dwood 1.2
Dwood lb⋅

ft3
45.811

lb

ft3
⋅=:=

Liveload 1.6 PL⋅ 160
lb

ft2
⋅=:=

b 5.5in:= d 1.5in:=

Deckwidth 3.9368ft 1.2m=:=

Lp 2.3662ft 0.721m=:=

Ap b d⋅ 0.057 ft2
⋅=:=

Wp Dwood Ap⋅ Liveload Deckwidth⋅+ 632.513
lb
ft

⋅=:=

Mp
Wp Lp

2
⋅

8
442.672 lb ft⋅⋅=:=

I
Deckwidth d3

⋅

12
13.287 in4

⋅=:=

c
d
2

:= Sp
I
c

:=

fb
Mp
Sp

299.852
lb

in2
⋅=:=



 
 
 
 

 
 
 

 
 
 

 
 

 
 

 
 
 

 
 
 

 
 

 
 

 
 

 
 
 

 

 
 

 
 

 
 
  
  

Design Values: (NDS-S Table 4B (2"-4" thick/ 5"-6" wide): No.1) 

   

Adjustment Factors 
          (NDS Table 4.3.1) 

Beam stability Factor, CL 

 < NDS 3.3.3.1 

Repetitive Member Factor, Cr 

 NDS-S Table 4B 

Size Factor, CF 

 NDS-S Table 4B 

Wet Service Factor, Cm (since Moisture content is assumed greater than 19%) 

  >  1150 psi 

 NDS-S Table 4B 

Resistance Factor 

  NDS,Appendix-Table N2 

Format Conversion Factors, K.F_fb 

  NDS,Appendix-Table N1 

Time effect factor,   λ  

 NDS,Appendix-Table N3 

Temperature Factor 

 NDS Table 2.3.3 (Assume T<100 F) 

Incising factor Ci 

 NDS 4.3.8 

Fb 1650
lb

in2
:= Fv 175

lb

in2
:= E 1700000

lb

in2
:=

CL 1.0:=

Cr 1.15:=

CF 1.0:=

Fb CF⋅ 1.65 103
×

lb

in2
⋅=

CM 0.85:=

φ b 0.85:= φ v 0.75:=

KF_Fb
2.16
φ b

:= KF_Fv
2.16
φ v

:=

λ 0.8:=

Ct 1.0:=

Ci 1.0:=



 
 

 
 

 
 

 
 

 
 
 

 

 
 

 
 

 
 

 
 
 

 

 
 
 

 
 
 

 
 
 

 
 

 

 
 
 
 
 
 
  
  

Bending Check: 

 

 >  OK in bending 

Shear Check: 

 

 

 

 (NDS 4.3.3.1: Notch max = 1/4 of the depth) 

 

 

 

 

  <  OK in shear at the notch 

Check Deflection 

Assume   

Unfactored live load :  

 <  OK in Maximum Deflection 

F'b λ KF_Fb⋅ φ b⋅ Fb⋅ CM⋅ Ct⋅ Cr⋅ CF⋅:=

F'b 2.787 103
×

lb

in2
⋅= fb 299.852

lb

in2
⋅=

F'v λ KF_Fv⋅ φ v⋅ Fv⋅ CM⋅ Ct⋅ Ci⋅:=

F'v 257.04
lb

in2
⋅=

Vload
Wp Lp⋅

2
748.326 lb⋅=:=

Notchmax
1
4

b⋅ 1.375 in⋅=:=

Notch 1.0in:=

Depthnotch b Notch− 4.5 in⋅=:=

dn Depthnotch:=

V'r
2
3







F'v⋅ d⋅ dn⋅
dn
b









2

⋅ 774.306 lb⋅=:=

Vload 748.326 lb⋅= V'r 774.306 lb⋅=

∆ max
Lp
360

0.079 in⋅=:=

P
Liveload Deckwidth⋅

1.6
32.807

lb
in

⋅=:=

∆
5 P( )⋅ Lp

4
⋅

384 E⋅ I⋅
0.012 in⋅=:= ∆ max 0.079 in⋅=



APPENDIX H: ANCHORAGE DESIGN CALCULATIONS 
  



 
 

 

 

 
 

 

 

 
 

 
 

 

 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 

 
 

  

 = Dimensions of the structures. 

 = Height and inclination of backfilling soil  

 = Height and inclination of ground surface in front of a structure 

 = Distance of the ground- water level from the anchorage base level at the front  
of the structure. 

 = Unit weight of moist soil. 

  

 = Angle of internal friction of soil. 

  

 = Unit weight of concrete/ masonry.  

 = Unit weight of water.  

 = Inclination of the resultant force towards vertical. 

 = Distance of the resultant force towards vertical. 

 = Partial weights of the anchorage block. 

 = Angle of wall friction.  

 = Water pressure. 

 = Sum of static moments of the acting forces in point F. 

 = Safety factor against sliding. 

 = Safety factor against shear failure of ground. 

 = Ground bearing - capacity coefficients. 

 = Shape correcting coefficients 

 = Topographical correcting coefficients 

H1 H2, B, L, 

ha ϕ, ϕ Φ2≤

hp ε, 

hw

γ γ 1, γ 2, 

γ 1 subsoil:= subsoilsubsoil γ 2 backfilling:= backfillingbackfilling

Φ Φ1, Φ2, 

Φ1 subsoil:= subsoilsubsoil Φ2 backfilling:= backfillingbackfilling

γ c γ c 150
lb

ft3
:=

γ w γ w 62.428
lb

ft3
:=

δR

Β
2

w1 w2, w3, 

δ δ
2
3

Φ:=

Pw

MF

FSL

FBC

Nγ Nq, 

sγ sq, 

gε



 
 
 

 
 

 
 
 

 

  

 

North bank 

Initial Layout data 

Cable tension:  

Cable inclination:  

 Additional load 
on the top of block:  

Soil Data from survey:  

 

 

Block dimensions:  

 

 

 

 

Topographical  
conditions:  

 

 

 

Other data  

 

 

 

ORIGIN 1:=

T 43.969ton:=

β 25.641deg:=

A 0:=

a 0:=

Φ 30deg:=

γ 2 80
lb

ft3
:=

γ 1 75
lb

ft3
:=

B 14.5ft 4.42m=:=

L 16ft:=

H1 10ft:=

H2 4ft:=

b 0:=

ha H1 1.75ft+:=

hw 0:=

ϕ 8deg:=

ε 8deg:=

γ w 1000
kg

m3
62.428

lb

ft3
⋅=:=

γ c 150
lb

ft3
:=

δ
2
3

Φ:=

hp H2:=



 
  

Calculation  
Volume of Block 

 

 

 

 

 

Bottom inclination:  

 

 

Dead weight W and moment in point F: 

 

Moment : 

 

 

 

 

 

Load due to coble tension: 

 

 

V1
H1 0.1m+ H2+ 1.0m+

2
B⋅ L⋅ 5.784 104

× L=:=

V2 b 1.0⋅ m L⋅ 0=:=

V3
1
2

0.5⋅ m 1.0⋅ m L⋅ 1.219 103
× L=:=

V4
1
2

1.0⋅ m B 1.0m−( )⋅ L⋅ 8.338 103
× L=:=

V V1 V2− V3− V4− 1.705 103
× ft3

⋅=:=

tan α( )
H1 0.1m+ 1.0m− H2−

B
:=

α atan
H1 0.1m+ 1.0m− H2−

B









11.868 deg⋅=:=

W γ c V⋅ 2.558 105
× lb⋅=:=

w1
B
3

2 H1 0.1m+( )⋅ H2 1.0m+( )+

H1 0.1m+( ) H2 1.0m+( )+
⋅:=

w2
b
2

:=

w3 b
1
3

0.5⋅ m+:=

w4 1.0m
2
3

B 1.0m−( )⋅+:=

MFw γ c V1 w1⋅ V2 w2⋅− V3 w3⋅− V4 w4⋅−( )⋅ 1.871 106
× lb ft⋅⋅=:=

TV T sin β( )⋅ 3.805 104
× lb⋅=:=

TH T cos β( )⋅ 7.928 104
× lb⋅=:=



 
  

Active earth pressure: 

 

 

 

Resultant loading force: 

 

 

Static moment in point F: 

 

 

  

Security against sliding 
 

 
 

 
 

 

    Check ! 

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕ−( )

cos δ( ) cos ϕ( )⋅
+









2
0.31=:=

Eah λah
γ 2 ha( )2L⋅





2
2.74 104

× lb⋅=:=

Eav Eah tan δ( ) 5.757 103
× lb⋅=:=

RV W Eav+ TV− 2.235 105
× lb⋅=:=

RH Eah TH+ 1.067 105
× lb⋅=:=

MF MFw Eav B⋅+ TV b⋅− TH H2 0.2m+( )⋅− Eah
ha
3

B tan α( )⋅−








⋅− 1.561 106
× lb ft⋅⋅=:=

δR atan
RH
RV









25.517 deg⋅=:=

Β
2MF

RV RH tan α( )⋅+
12.699 ft⋅=:=

Β
2

6.349 ft⋅=

sin Φ( ) 0.5=
TΦ

sin Φ( )
cos Φ( )

0.577=:=
cos Φ( ) 0.866=

sin δR α−( ) 0.236=
Tδ

sin δR α−( )
cos δR α−( ) 0.243=:=

cos δR α−( ) 0.972=

FSL
TΦ
Tδ

2.378=:= FSL req_FSL> 2.0⋅=req_FSL



 
 

 
 
 

 
 
 

 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
  

Security against soil failure 

 

 

 

 

From table 

  

  Check ! 

q hp γ 1⋅ 300
lb

ft2
⋅=:=

sγ 1 0.5 0.2 tan Φ( )6
+( ) B

L
⋅





⋅− 0.909=:=

sq 1 0.2 tan Φ( )( )6
⋅

B
L

⋅





+ 1=:=

gε 1 0.5 tan ε( )−( )5 0.574=:=

Nq 8:= Nγ 5.2:=

FBC
Β L⋅
RV

Β
2

γ 1⋅ Nγ⋅ sγ⋅ q Nq⋅ sq⋅+





⋅ gε⋅ 2.428=:= FBC req_FBC> 1.5⋅=req_FBC



 
  

 

South Bank 

Initial Layout data 

Cable tension:  

Cable inclination:  

 Additional load 
on the top of block:  

Soil Data from survey:  

 

 

 Block dimensions: 

 

 

 

 

Topographical  
conditions:  

 

 

 

Other data  

 

 

 

ORIGIN 1:=

T 43.969ton:=

β 25.641deg:=

A 0:=

a 0:=

Φ 30deg:=

γ 2 80
lb

ft3
:=

γ 1 75
lb

ft3
:=

B 14.5ft:=

L 16ft:=

H1 10ft:=

H2 4ft:=

b 0:=

ha H1 2ft+:=

hw 0:=

ϕ 16deg:=

ε 16deg:=

γ w 1000
kg

m3
:=

γ c 150
lb

ft3
:=

δ
2
3

Φ:=

hp H2:=



 
  

Calculation  
Volume of Block 

 

 

 

 

 

Bottom inclination:  

 

 

Dead weight W and moment in point F: 

 

Moment : 

 

 

 

 

 

Load due to coble tension: 

 

 

V1
H1 0.1m+ H2+ 1.0m+

2
B⋅ L⋅ 5.784 104

× L=:=

V2 b 1.0⋅ m L⋅ 0=:=

V3
1
2

0.5⋅ m 1.0⋅ m L⋅ 1.219 103
× L=:=

V4
1
2

1.0⋅ m B 1.0m−( )⋅ L⋅ 8.338 103
× L=:=

V V1 V2− V3− V4− 1.705 103
× ft3

⋅=:=

tan α( )
H1 0.1m+ 1.0m− H2−

B
:=

α atan
H1 0.1m+ 1.0m− H2−

B









11.868 deg⋅=:=

W γ c V⋅ 2.558 105
× lb⋅=:=

w1
B
3

2 H1 0.1m+( )⋅ H2 1.0m+( )+

H1 0.1m+( ) H2 1.0m+( )+
⋅:=

w2
b
2

:=

w3 b
1
3

0.5⋅ m+:=

w4 1.0m
2
3

B 1.0m−( )⋅+:=

MFw γ c V1 w1⋅ V2 w2⋅− V3 w3⋅− V4 w4⋅−( )⋅ 1.871 106
× lb ft⋅⋅=:=

TV T sin β( )⋅ 3.805 104
× lb⋅=:=

TH T cos β( )⋅ 7.928 104
× lb⋅=:=



 
  

Active earth pressure: 

 

 

 

Resultant loading force: 

 

 

Static moment in point F: 

 

 

  

Security against sliding 
 

 
 

 
 

 

 =2.0 Check ! 

λah
cos Φ( )( )2

1
sin Φ δ+( )( )sin Φ ϕ−( )

cos δ( ) cos ϕ( )⋅
+









2
0.355=:=

Eah λah
γ 2 ha( )2L⋅





2
3.274 104

× lb⋅=:=

Eav Eah tan δ( ) 6.881 103
× lb⋅=:=

RV W Eav+ TV− 2.246 105
× lb⋅=:=

RH Eah TH+ 1.12 105
× lb⋅=:=

MF MFw Eav B⋅+ TV b⋅− TH H2 0.2m+( )⋅− Eah
ha
3

B tan α( )⋅−








⋅− 1.57 106
× lb ft⋅⋅=:=

δR atan
RH
RV









26.508 deg⋅=:=

Β
2MF

RV RH tan α( )⋅+
12.655 ft⋅=:=

Β
2

6.328 ft⋅=

sin Φ( ) 0.5=
TΦ

sin Φ( )
cos Φ( )

0.577=:=
cos Φ( ) 0.866=

sin δR α−( ) 0.253=
Tδ

sin δR α−( )
cos δR α−( ) 0.261=:=

cos δR α−( ) 0.968=

FSL
TΦ
Tδ

2.21=:= FSL req_FSL>



 
 

 
 
 

 
 
 

 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
  
  

Security against soil failure 

 

 

 

 

From table 

  

 =1.5 Check ! 

q hp γ 1⋅ 300
lb

ft2
⋅=:=

sγ 1 0.5 0.2 tan Φ( )6
+( ) B

L
⋅





⋅− 0.909=:=

sq 1 0.2 tan Φ( )( )6
⋅

B
L

⋅





+ 1=:=

gε 1 0.5 tan ε( )−( )5 0.574=:=

Nq 8:= Nγ 5.2:=

FBC
Β L⋅
RV

Β
2

γ 1⋅ Nγ⋅ sγ⋅ q Nq⋅ sq⋅+





⋅ gε⋅ 2.403=:= FBC req_FBC>



APPENDIX I: SUSPENDER DESIGN CALCULATIONS 
  



 
  

SYMBOLS  

 Bridge Span, distance between tower axes 

Distance from center of main cables to center of spanning cables 
for suspender No.i  

 Sag, vertical distance from tower saddle to the lowest point of the main cable 

 Tower height, vertical distance between top of walkway and tower foundation and 
saddle cable 

 Running suspender numbers 

 Total suspender length for suspender No. i 

 Length of standard piece 

 length extra piece 

 Cutting length of standard piece 

 Cutting length of extra piece  

 Required number of standard pieces for suspender No.i 

 Maximum n 

 Total suspender length numbers 

 Distance of suspender No.i from the bridge center 

 Constants in the formula for di 

 Euler constant 

 Total weight of suspender rods 

 Total surface area of suspender rods 

l

di

f

ht

n

lsus

ls

lr

lsc

lrc

ji

nmax

N

xi
c k, 

e

W

S



 
  

Suspenders  

 

 

Initial data 

 

 

 

Center distance of cables 

 

  

 

ORIGIN 1:=

tonnes 1000kg:=

l 56.69m 185.991 ft⋅=:=

ht 9.2m 30.184 ft⋅=:=

fd 6.449m 21.158 ft⋅=:=

l 4.6m−
2.4m

1+ 22.704=

nmax 23:= i 1 23..:=

n

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23







































































:=



 
   

 

 

 

 

 

Total suspender length: 

 

Number j of standard pieces with standard length ls =1650 mm / lsc =1830mm 

 

 

 

 

 

c
8fd

l2
0.016

1
m

=:=

e 2.718=

k
2 c⋅ fd⋅

e

c l⋅
2


 e

c− l⋅
2


+ 2−

0.983=:=

k
2c

30.614m=

xi ni 1−( ) 1.2⋅ m:=

di
k

2 c⋅
e
c xi⋅

e
c− xi⋅

+ 2−( ) 4 xi( )2
⋅

l2
ht fd− 1.05m−( )+ 1.05m+:=

lsusi di 0.542m−:=

ji trunc
lsusi 0.35m−

1.65m








:=

lri
di 0.542m− ji 1.65⋅ m−:=

lrci
lri

0.18m+:=

wni
ji 1.625⋅ kg lrci

0.888⋅
kg
m

+:=

Sni
ji 0.069⋅ m2 lrci

0.0377⋅ m+:=



 

  

Summary: 
Total Suspenders numbers: 

 

Total Weight of Suspender rods 

 
 

Total Surface of suspender rods 

 
 

Suspenders length for each member ( i= 1 - 23) 
  

Note:  
di is the distance form main cable to the 
spanning cable. 
 
lsusi is the suspender length for each i  
from 1 to 23. 

N 4 nmax⋅ 2− 90=:=

W 4

1

nmax

i

wni∑
=

⋅ 2wn1
− 266.65 kg=:=

W 587.863 lb⋅=

S 4

1

nmax

i

Sni∑
=

⋅ 2Sn1
− 11.322 m2

=:=
S 121.866 ft2

⋅=

di
3.445
3.492

3.634

3.87

4.202

4.628

5.148

5.764

6.475

7.282

8.184

9.182
10.277

11.468

12.755

14.141

15.623

17.204

18.884

20.663

22.541

24.519

26.598

ft⋅

= lsusi
1.667
1.714

1.856

2.092

2.423

2.849

3.37

3.986

4.697

5.504

6.406

7.404
8.498

9.689

10.977

12.362

13.845

15.426

17.106

18.884

20.763

22.741

24.82

ft⋅

=



NOTE: APPENDIX J & K WILL BE ATTACHED SEPARATE FROM MAIN REPORT 
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APPENDIX K: SELECTED STEELPARTS LISTS FROM STANDARD DESIGN DRAWINGS 
  



Suspenders 
 

 



Tower Base Element 
 

 



Tower Intermediate Element 
 

 



 
Tower Top Element 



Tower Saddle 

 



Foundation 

 



Foundation (continued) 

 



Walkway 

 



Anchorage 

 



APPENDIX L: CONSTRUCTION SCHEDULE 



ID Task Name Duration Start

0 Construction Schedule  275.25
days?

Mon
6/11/12

1 Project Mobilization 157 days Mon 6/11/12
2 Project Start 0 days Mon 12/10/...
3 Bridge Site Preparation 70 days Mon 12/10/...
10 Steel Assemblies Fabrication 31 days Thu 1/24/13
19 Excavation & Foundation 

Construction North
47.13 days Fri 12/21/12

27 Excavation & Foundation 
Construction South

40.13 days Mon
12/31/12

35 Excavation & Anchorage 
Construction North

26 days Thu 2/14/13

45 Excavation & Anchorage 
Construction South

31 days Tue 2/19/13

55 Cable Transportation 24 days Mon 2/25/13
58 Tower Erection North 5.75 days Mon 3/25/13
66 Tower Erection South 3 days Sat 3/30/13
74 Hoisting Main Cables 4.25 days Tue 4/2/13
82 Hoist Spanning Cables 1 day? Sat 4/6/13
87 Suspenders and Walkway 13 days Mon 4/8/13
101 Adjacent Site Works 3 days Mon 4/22/13
104 Site Completion 2 days Thu 4/25/13
109 Project End 0 days Sat 4/27/13

12/10

4/27

W S T M F T S W S
Dec 23, '12 Feb 3, '13 Mar 17, '13 Apr 28, '13

Task

Split

Milestone

Summary

Project Summary

External Tasks

External Milestone

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration‐only

Manual Summary Rollup

Manual Summary

Start‐only

Finish‐only

Deadline

Progress

Chichica Footbridge 
Construction Schedule

Page 1

Project: Construction Schedule 
Date: Mon 11/14/11



CHICHICA FOOTBRIDGE 
CONSTRUCTION WORK ASSIGNMENTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Activity 

1.0 Project Mobilization  
2.0 Bridge Site Preparation 
3.0 Steel Assemblies Fabrication 
4.0 Excavation & Foundation Construction North 
5.0 Excavation & Foundation Construction South 
6.0 Excavation & Anchorage Construction North 
7.0 Excavation & Anchorage Construction South 
8.0 Suspension Cable Transportation 
9.0 Tower Erection North 
10.0 Tower Erection South 
11.0 Hoist Main Cables 
12.0 Hoist Spanning Cables 
13.0 Suspenders and Walkway 
14.0 Adjacent Site Works 
15.0 Site Completion 



 
CHICHICA FOOTBRIDGE 
CONSTRUCTION WORK BREAKDOWN STRUCTURE 
 
ACTIVITIES 
 
1.0 Project Mobilization 

2.0 Bridge Site Preparation  

2.1 Transportation of storage facilities materials 

2.2 Construct storage facilities 

2.3 Site clearing 

2.4 Transportation of footbridge materials 

2.5 Transportation of equipment to site 

2.6 Site layout 

3.0 Steel Assemblies Fabrication  

3.1 Foundation 

3.2 Transportation of foundation steel assemblies 

3.3 Anchorage 

3.4 Transportation of anchorage steel assemblies 

3.5 Tower 

3.6 Transportation of tower steel assemblies 

3.7 Walkway & Suspenders 

3.8 Transportation of walkway & suspenders steel assemblies 

4.0 Excavation & Foundation Construction North  

4.1 Excavation 

4.2 Place masonry block 

4.3 Build forms surrounding masonry block 

4.4 Concrete fill (1st portion) 

4.5 Concrete fill (2nd, 3rd, and 4th) 

4.6 Foundation steel assembly installation and finish concrete work 

4.7 Backfill and grading around foundation 

  



5.0 Excavation & Foundation Construction South  

5.1 Excavation 

5.2 Place masonry block 

5.3 Build forms surrounding masonry block 

5.4 Concrete fill (1st portion) 

5.5 Concrete fill (2nd, 3rd, and 4th) 

5.6 Foundation steel assembly installation and finish concrete work 

5.7 Backfill and grading around foundation 

6.0 Excavation & Anchorage Construction North 

6.1 Excavation 

6.2 Formwork 

6.3 Concrete fill (1st portion) 

6.4 Concrete fill (2nd portion) 

6.5 Anchorage steel assembly installation 

6.6 Formwork 

6.7 Concrete fill (3rd portion) 

6.8 Concrete finish work 

6.9 Backfill 

7.0 Excavation & Anchorage Construction South 

7.1 Excavation 

7.2 Formwork 

7.3 Concrete fill (1st portion) 

7.4 Concrete fill (2nd portion) 

7.5 Anchorage steel assembly installation 

7.6 Formwork 

7.7 Concrete fill (3rd portion) 

7.8 Concrete finish work 

8.0 Suspension Cable Transportation  

8.1 Norfolk, VA U.S.A. to Panama City, Panama 

8.2 Panama City to Tole 

8.3 Tole to bridge site  



9.0 Tower Erection North  

9.1 Assemble Base, Intermediate, Top, and Saddle element 

9.2 Re-apply anti-corrosion paint  

9.3 Fix 13mm cable to top of tower and opposite foundations 

9.4 Apply Tower Stay Chains 

9.5 Apply Protective Wood between Stay Cables and Tower Legs 

9.6 Tower Erection 

9.7 Install Temporary braces at tower base 

10.0 Tower Erection South  

10.1 Assemble Base, Intermediate, Top, and Saddle element 

10.2 Re-apply anti-corrosion paint  

10.3 Fix 13mm cable to top of tower and opposite foundations 

10.4 Apply Tower Stay Chains 

10.5 Apply Protective Wood between Stay Cables and Tower Legs 

10.6 Tower Erection 

10.7 Install Temporary braces at tower base 

11.0 Hoist Main Cables  

11.1 Execute Temporay Cable Hoisting Aid 

11.2 Mark all Cable Hoisting Positions 

11.3 Pull Main Cables Along Spanning Cables 

11.4 Hoist Cable onto North Tower from each Side 

11.5 Hoist Cable onto South Tower from each Side 

11.6 Fix Hoisting Sag 

11.7 Check Hoisting Sag Elevation 

12.0 Hoist Spanning Cables 

12.1 Fix Cable on one Side to Foundation Anchorage 

12.2 Tension Spanning Cable 

12.3 Fix Cable at Deadload Sag 

12.4 Check Hoisting Sag Elevation 

  



13.0 Suspenders and Walkway  

13.1 Construct Fitter Platform 

13.2 Hang Platform under Main Cable 

13.3 Organize Suspender Material and Walkway Cross-Beams 

13.4 Fabricate Nailing Strips 

13.5 Set up Pulley System for Platforms 

13.6 Fit the Central Suspender 

13.7 Hang Suspenders and Install Walkway Platform 

13.8 Install Fixation and Handrail Cables 

13.9 Disassemble Fitter Platform and Pulley System 

13.10Pre-cut Decking Material to Size 

13.11Install Deck Material 

13.12Install Wire Mesh 

13.13Test Loading and Check Main Cable Elevation 

14.0 Adjacent Site Works  

14.1 Site Clearing 

14.2 Erosion Protection 

15.0 Site Completion  

15.1 Removal of Equipment 

15.2 Removal of Waste 

15.3 Removal of Temporary Facilities 

15.4 Re-check Bridge Characteristics and Cable Elevations 



APPENDIX M: SELECTED BRIDGES TO PROSPERITY MANUAL PAGES 
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6. CONSTRUCTION

6.1 BRIDGE LAYOUT

Procedure for General Bridge Layout 
•
•

•

•

•

Procedure for Detailed Foundation Layout: 

•

Or 
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•

•

•

•

•

•

•

3

3M

Tower

Foundation
?
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6.2 FOUNDATION EXCAVATION

In Soil: 

Slope Pitch 
•

•

•

In Rock: 
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6.3 LOCAL MATERIAL COLLECTION

6.3.1 STONES/BOULDERS

6.3.2 SAND

6.3.3 GRAVEL
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6.4 TRANSPORTATION AND STORAGE OF THE MATERIALS

6.4.1 CEMENT TRANSPORTATION AND STORING

•

•

6.4.2 STEEL PARTS TRANSPORTATION AND STORING

•

• and 

•
•

•

•

6.4.3 WIRE ROPE TRANSPORTATION AND STORING
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• Method of Unreeling Light Cables with the Help of a Reel Support 

• Method of Unreeling Cables by Unrolling Each Loop Taken from the Reel

• Method of Transportation by Porters 



121
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6.5.4 STONE MASONRY LAYING

coursed

• Coursed Random Rubble Stone Masonry 

Face Stones

Bond Stones

• Coursed Block Stone Masonry 

Face Stones

Bond Stones

layers
Alternate
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Strength

…bigger… The Strength of Stone Masonry is… …smaller… 

Form or 
Shape 

Number 

Roughness of 
joints 

Bed 

Height & Width

Bond Across 
(in plan view) 

Strength of 
Mortar 
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6.6 CEMENT WORKS

6.6.1 COMPOSITION AND MIXTURES

• Cement 

• Sand 

• Gravel 

• Water 

Cement

Sand

Gravel

Water 

• Cement Mortar  =  A mix of Cement and Sand 

• Cement Concrete  =  a mix of Cement, Sand and Gravel 

Water

Mixing
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Quantities for various Types of Cement Works 

one cubic meter

Cement   :  Sand  :  Gravel
Cement bags 

@ 50 kg 
Sand Gravel Stones

Boulders

Cement 
Mortars

 1 : 1 - 

 1 : 2 - 

1 : 3 -

1 : 4 -

1 : 6 -

20.4 

13.6 

10.2 

7.6 

5.0 

1020

680

510

380

250

0.71 

0.95 

1.05 

1.05 

1.05 

-

-

-

-

-

-

-

-

-

-
Cement 
Plaster  1 : 4 - 

 1 : 6 - 

0.18 

0.12 

9

6

0.024 

0.024 

-

-

-

-

 1 : 4 

 1 : 6 

2.66 

1.75 

133

87.5 

0.37 

0.37 

-

-

1.1 

1.1 Cement 
Stone 

Masonries  1 : 4 

 1 : 6 

2.28 

1.50 

114

75

0.32 

0.32 

-

-

1.1 

1.1 

Cement 
Concretes 

 1 : 4 : 8 

 1 : 3 : 6

 1 : 2 : 4  

 1 : 1½ : 3  

3.4 

4.4 

6.4 

8

170

220

320

400

0.47 

0.47 

0.45 

0.42 

0.94 

0.89 

0.85 

0.84 

-

-

-

-
"Plum"  
Concrete 

 1 : 3 : 6 2.64 132 0.28 0.54 0.50 

Source:  Indian Practical Civil Engineers' Handbook, Section 20 

Water

Concrete Mortar

Curing
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6.7 BRIDGE  ERECTION

6.7.1 ERECTION OF TOWERS

•
•

 Type of element Part Nos. in Steel Drawing 
B
I
T
S

After the bridge has been  erected, the cable clamps on the top of the pylon must be firmly tightened, and 
then all the side struts (angles) must be removed. 
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Assembly and Layout of Tower No. 4
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6.7.2 HOISTING OF MAIN CABLES AND SAG SETTING

Fix Cross Bar in middle 
position during cable hoisting 
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The hoisting sag setting of the Main Cables is one of the most important tasks during the erection of 
the bridge. 

•

•

•

•
in the middle position

•

•

•

Line of
Sight 
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6.7.3 HOISTING OF SPANNING CABLES 

outermost position

6.7.4 FITTING SUSPENDERS AND CENTER ROW OF STEEL DECK

both

central suspender

Preparation for Suspender Fitting Works: 

•
•
•

Assembly: 



138

Fitting the Central Suspender : 

Sketches and Procedures for Fitting Operations: 

•
•
•
•

Note:  The first crossbeam at the bridge entrance is fitted without a suspender (see Drw. No. 19Ncon). 

security rope 
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•
•
•
•
• center row only

•

•

Fitting the 2" G.I. Pipes : 

•

•
•

•

•

This work requires special attention. While passing the pipe outside the suspenders, several workers are 
necessary and sufficient ropes are required to secure the pipe at all times. 



APPENDIX N: COST ESTIMATE 



Footbridge Overall Cost Estimate

Total $67,071.74 $42,727.12
Equipment

$40,417.77
$22,028.00
$4,625.97

35,381.15
$2,720.00
$4,625.97

Labor

Overall Estimate
Item Total Cost Actual Cost (Donations Subtracted)

Materials



Material Description # of Material Units Price/Unit Cost of Materials Transportation Costs Total Cost  Donated? Actual Cost
2"x6"x12' lumber (ea.) 36 $1.80 $64.80 $125.00 $189.80 N $189.80

4'x8' Corrugated Plastic (ea.) 23 $6.20 $142.60 $125.00 $267.60 N $267.60

16‐D Nails (lb) 10 $2.00 $20.00 0 $20.00 N $20.00

Labor Description # of Laborers Hrs/Laborer Wage of Laborer Cost of Labor Total Cost  Donated? Actual Cost
Surveyor (P.M.) 1 8 $10.00 $80.00 $80.00 N $80.00
Site Clearing 10 56 $2.50 $1,400.00 $1,400.00 Y $0.00
Carpentry 10 8 $2.50 $200.00 $200.00 Y $0.00
Horse 1 56 $0.50 $28.00 $28.00 Y $0.00

Equipment Description # of Equipment Units Price/Unit Cost of Equipment Transportation Costs Total Cost  Donated? Actual Cost
Chainsaw 1 $300.00 $300.00 $0.00 $300.00 N $300.00
Survey Equipment 1 $300.00 $300.00 $0.00 $300.00 N $300.00
Axes 3 $18.00 $54.00 $0.00 $54.00 N $54.00
Machetes 8 $3.50 $28.00 $0.00 $28.00 N $28.00
Tow chains/straps 1 $65.00 $65.00 $0.00 $65.00 N $65.00
Hammers (16 oz.) 8 $8.79 $70.32 $0.00 $70.32 N $70.32

Total $1,374.72

Site Preparation Estimate

Material Estimate

Labor Estimate

Equipment Estimate



Material Description # of Material Units Price/Unit Cost of Materials Transportation Costs Total Cost  Donated? Actual Cost
Cement (42.5kg bag) 687 $8.00 $5,496.00 $595.00 $6,091.00 N $6,091.00

Sand (m3) 70 $13.90 $973.00 $700.00 $1,673.00 N $1,673.00
Gravel (ton) 141 $15.95 $2,248.95 $805.00 $3,053.95 N $3,053.95

Masonry Block (yd3) 75 $25.00 $1,875.00 $595.00 $2,470.00 N $2,470.00
#3 Steel Rebar (ft) 394 $0.18 $70.92 $35.00 $105.92 N $105.92
#5 Steel Rebar (ft) 180 $0.33 $59.40 $35.00 $94.40 N $94.40
3/4" Plywood (4'x8' sheets) 4 $9.50 $38.00 $0.00 $38.00 N $38.00
2"x6"x12' lumber (ea.) 4 $1.80 $7.20 $0.00 $7.20 N $7.20
Nails 16‐D (lb) 5 $2.00 $10.00 $0.00 $10.00 N $10.00
Tie‐wire (100‐lb) 1 $31.00 $31.00 $0.00 $31.00 N $31.00
Form oil (gal) 2 $19.75 $39.50 $0.00 $39.50 N $39.50
Steel Assembly* 1 $936.65 $936.65 $125.00 $1,061.65 N $1,061.65

Labor Description # of Laborers Hrs/Laborer Wage of Laborer Cost of Labor Total Cost  Donated? Actual Cost
Excavating 10 96 $2.50 $2,400.00 $2,400.00 Y $0.00
Bricklayers 10 160 $2.50 $4,000.00 $4,000.00 Y $0.00
Concrete Mixers 4 64 $2.50 $640.00 $640.00 Y $0.00
Concrete Pourers 4 64 $2.50 $640.00 $640.00 Y $0.00
Backfilling/Grading  2 24 $2.50 $120.00 $120.00 Y $0.00
Steel Assembly/Finish Work 10 32 $2.50 $800.00 $800.00 Y $0.00
Project Manager 1 32 $10.00 $320.00 $320.00 N $320.00

Material Estimate

Foundation Estimate

Labor Estimate



Equipment Description # of Equipment Units Price/Unit Cost of Equipment Transportation Costs Total Cost  Donated? Actual Cost
Metal Hacksaw 2 $11.50 $23.00 $0.00 $23.00 N $23.00
     Replacement blade 12 $2.75 $33.00 $0.00 $33.00 N $33.00
Wheel barrow 4 $78.00 $312.00 $0.00 $312.00 N $312.00
Chute 1 $27.00 $27.00 $0.00 $27.00 N $27.00
Metal Bucket 6 $8.50 $51.00 $0.00 $51.00 N $51.00
Pick axes 2 $26.00 $52.00 $0.00 $52.00 N $52.00
Sledge Hammer 2 $28.50 $57.00 $0.00 $57.00 N $57.00
Spade Shovels 8 $16.80 $134.40 $0.00 $134.40 N $134.40
Hand Trowels 2 $13.50 $27.00 $0.00 $27.00 N $27.00
Level (Plumb‐Bob) 1 $6.50 $6.50 $0.00 $6.50 N $6.50
Measuring Tape 2 $14.40 $28.80 $0.00 $28.80 N $28.80
Water Pump (ea., 2" outlet) 1 $494.00 $494.00 $0.00 $494.00 N $494.00
Pionjar Chisel/Vibrator 
(month) 2 $231.63 $463.26 $0.00 $463.26

N
$463.26

Total $16,704.58

*Includes cost of material and labor for fabrication. See Foundation Steel Components Estimate.

Equipment Estimate

Foundation Estimate Cont.



Material Description # of Material Units Price/Unit Cost of Materials Transportation Costs Total Cost  Donated? Actual Cost
Cement (42.5kg bag) 352 $8.00 $2,816.00 $315.00 $3,131.00 N $3,131.00

Sand (m3) 32 $13.90 $444.80 $315.00 $759.80 N $759.80
Gravel (ton) 106 $15.95 $1,690.70 $350.00 $2,040.70 N $2,040.70
3/4" Plywood (4'x8' sheets) 4 $9.50 $38.00 $0.00 $38.00 N $38.00
2"x6"x12' lumber (ea.) 4 $1.80 $7.20 $0.00 $7.20 N $7.20
Nails 16‐D (lb) 5 $2.00 $10.00 $0.00 $10.00 N $10.00
Form oil (gal) 1 $19.75 $19.75 $0.00 $19.75 N $19.75
Steel Assembly* 1 $2,359.19 $2,359.19 $215.00 $2,574.19 N $2,574.19

Labor Description # of Laborers Hrs/Laborer Wage of Laborer Cost of Labor Total Cost  Donated? Actual Cost
Excavating 10 64 $2.50 $1,600.00 $1,600.00 Y $0.00
Formwork 4 16 $2.50 $160.00 $160.00 Y $0.00
Concrete Mixers 4 48 $2.50 $480.00 $480.00 Y $0.00
Concrete Pourers 4 48 $2.50 $480.00 $480.00 Y $0.00
Backfilling/Grading  2 32 $2.50 $160.00 $160.00 Y $0.00
Steel Assembly 10 32 $2.50 $800.00 $800.00 Y $0.00
Project Manager 1 48 $10.00 $480.00 $480.00 N $480.00

Equipment Description # of Equipment Units Price/Unit Cost of Equipment Transportation Costs Total Cost  Donated? Actual Cost
Wood Handsaw 4 $16.49 $65.96 $0.00 $65.96 N $65.96
Wrench set 2 $47.80 $95.60 $0.00 $95.60 N $95.60
Framing square 2 $18.00 $36.00 $0.00 $36.00 N $36.00

Total $9,258.20
*Includes cost of material and labor for fabrication. See Anchorage Steel Components Estimate.

Anchorage Estimate

Material Estimate

Labor Estimate

Equipment Estimate



Material Description # of Material Units Price/Unit Cost of Materials Transportation Costs Total Cost  Donated? Actual Cost
Base Assembly* 1 $411.76 $411.76 $215.00 $626.76 N $626.76
Intermediate Assembly* 1 $2,433.67 $2,433.67 $0.00 $2,433.67 N $2,433.67
Top Assembly* 1 $249.55 $249.55 $0.00 $249.55 N $249.55
Saddle Assembly* 1 $239.76 $239.76 $0.00 $239.76 N $239.76
Anti‐Corrosion Paint (gal) 3 $27.95 $83.85 $0.00 $83.85 N $83.85

Labor Description # of Laborers Hrs/Laborer Wage of Laborer Cost of Labor Total Cost  Donated? Actual Cost
Assemble Towers 10 32 $2.50 $800.00 $800.00 Y $0.00
Tower Erection 10 32 $2.50 $800.00 $800.00 Y $0.00
Project Manager 1 64 $10.00 $640.00 $640.00 N $640.00

Equipment Description # of Equipment Units Price/Unit Cost of Equipment Transportation Costs Total Cost  Donated? Actual Cost
High Test Chains/Hooks 4 $154.78 $619.12 $0.00 $619.12 N $619.12
Pulley Blocks (5 ton) 2 $39.99 $79.98 $0.00 $79.98 N $79.98
Pulley Machine (3.2 ton) 1 $249.99 $249.99 $0.00 $249.99 N $249.99

Total $5,222.68

*Includes cost of material and labor for fabrication. See Tower Steel Components Estimate.

Tower Estimate

Material Estimate

Labor Estimate

Equipment Estimate



Material Description # of Material Units Price/Unit Cost of Materials Transportation Costs Total Cost  Donated? Actual Cost
Main Cable (ft), d=1 3/8" 594 $5.23 $3,106.62 $0.00 $3,106.62 Y $0.00
Spanning Cable (ft), d=1" 386 $2.96 $1,142.56 $0.00 $1,142.56 Y $0.00
Fixiation and Handrail 
Cables, d=1/2" 772 $1.02 $787.44 $0.00 $787.44 Y $0.00
Wire Rope Thimbles 1 $79.68 $79.68 $4,487.00 $4,566.68 N $4,566.68
Bulldog Grips 1 $308.68 $308.68 $0.00 $308.68 N $308.68
Suspenders Steel 
Assembly* 1 $1,035.23 $1,035.23 $125.00 $1,160.23 N $1,160.23
Walkway Steel Assembly* 1 $245.91 $245.91 $90.00 $335.91 N $335.91
Lumber (2"x6"x8' ea.) 177 $1.20 $212.40 $125.00 $337.40 N $337.40
Wire Mesh netting (4'x12' 
ea.) 31 $37.00 $1,147.00 $90.00 $1,237.00 N $1,237.00
3" Deck Screws (lb) 25 $2.72 $68.00 $0.00 $68.00 N $68.00

Labor Description # of Laborers Hrs/Laborer Wage of Laborer Cost of Labor Total Cost  Donated? Actual Cost
Hoisting Main Cables 10 24 $2.50 $600.00 $600.00 Y $0.00
Hoisting Spanning Cables 10 8 $2.50 $200.00 $200.00 Y $0.00
Suspenders Set‐up 10 32 $2.50 $800.00 $800.00 Y $0.00
Suspenders Installation 10 40 $2.50 $1,000.00 $1,000.00 Y $0.00
Walkway Installation 10 48 $2.50 $1,200.00 $1,200.00 Y $0.00
Project Manager 1 120 $10.00 $1,200.00 $1,200.00 N $1,200.00

Material Estimate

Labor Estimate

Main and Spanning Cables, Suspenders, and Walkway Estimate



Equipment Description # of Equipment Units Price/Unit Cost of Equipment Transportation Costs Total Cost  Donated? Actual Cost
Come Along (2 ton) 4 $24.99 $99.96 $90.00 $189.96 N $189.96
Rope (100ft) 4 $9.99 $39.96 $0.00 $39.96 N $39.96
Hooks 4 $4.79 $19.16 $0.00 $19.16 N $19.16
Pulley Machine (1760 lb) 4 $149.00 $596.00 $0.00 $596.00 N $596.00
Pulley Blocks (4 ton) 4 $19.99 $79.96 $0.00 $79.96 N $79.96
Screwdrivers 8 $3.50 $28.00 $0.00 $28.00 N $28.00

Total $10,166.94

*Includes cost of material and labor for fabrication. See Suspenders and Walkway Steel Components Estimate.

Equipment Estimate

Main and Spanning Cables, Suspenders, and Walkway Estimate Cont.



Foundation General Material Calculations 

CONCRETE 

Material 
Total 

Volume 
(m3)  

Cement 
(42.5 kg 

bags)  

Sand (m3) 
Required 

Gravel 
(m3) 

Required 

Plumb    
Concrete 56.4 175 15.79 30.46 

Lean        
Concrete 2.41 9 0.72 1.21 

Reinforced 
Concrete 9.82 74 4.47 8.35 

Block               
Stone 28.41 85 14.21 n/a 

TOTAL of Foundation 344 35.19 40.01 

TOTAL for 
Both 

Foundations 

Block Stone 
(yd3) 

Cement 
(42.5 kg 

bags) 

Sand      
(m3) 

Gravel      
(ton) 

75 687 70 141 

REINFORCEMENT 

Type of Re-
Bar # 3 Re-Bar (ft)  # 5 Re-Bar (ft) 

TOTAL of 
Foundation 

197 90 

TOTAL for 
Both 

Foundations 
394 180 

Also: 100 lb Tie-Wire 

FORMWORK 

  
Total Area 

(ft2) 
Plywood 

(4'x8'x3/4") 
Lumber 

(2"x6"x12') 
Nails, 16-

D (lb) 

TOTAL of 
Foundation 

130 4.0625 3.375 3 

TOTAL for Both 
Foundations 4 4 3 

Also: 1 gal Form-Oil 
 

 



Foundation Steel Components Estimate 

Part      
No. 

Description 
(mm) Quantity Quantity 

for Bridge 
Cuts      
(ft) 

Drills    
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

1a 
Angle 

80/80/8, 
l=400 

2 4 5 8 4.8 28.2 

1b Flat 40/6, 
l=1200 2 4 0.52 0 4.8 18 

1c Rod d=32, 
l=1270 1 2 0.2 0 2.4 34 

1d Plate d=60, 
t=6 2 4 0 4 0 0.8 

2 

Rod d=16, 
l=630 (50 
mm M16 
thread) 

4 8 0 0 0 17.6 

3 

Rod d=16, 
l=155 (25 
mm M16 
thread) 

14 28 0 0 2.8 14 

4a Plate 
150/110/6 12 24 8.64 24 9.6 38.4 

4b Plate 
230/200/6 4 8 5.2 0 0 32 

4c 
Channel            
ISMC 75-

2450 
4 8 1.92 40 32 256 

4d Rod d=24, 
l=150 4 8 0.56 0 0.8 8.8 

4e 
Open 

Thimble 
(13mm) 

4 8 0 0 0 0 

4f Plate 
100/60/6 4 8 2.08 8 0.8 4 

5 
Channel 

ISMC 200-
505 

2 4 2.6 8 0 88 

6a 

Rod d=32, 
l=830 (90 
mm M30 
thread) 

4 8 0 0 0 88 

6b Plate 
60/60/20 4 8 1.6 8 0 7.2 

7 Hexagonal 
nut M30 17 34 0 0 0 17 

8 Plate d=70, 
t=16 5 10 0 10 0 7.5 

 



Foundation Steel Components Estimate (Continued) 

Part      
No. 

Description 
(mm) Quantity Quantity 

for Bridge 
Cuts      
(ft) 

Drills    
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

9a Plate 
505/250/32 2 4 3.2 8 12 260 

9b Plate 
325/30/32 2 4 0.36 0 1.2 20 

9c Square bar 
20, l=50 2 4 0.26 0 0 2 

10 

Rod d=16, 
l=171 (30 
mm M16 
thread) 

5 10 0 0 0 5.5 

11a Plate 
500/160/6 2 4 2.4 24 0 28.8 

11b 
Channel 

ISMC          
75-500 

4 8 2 0 0 60.8 

11c Plate 
150/90/6 2 4 1.16 8 0 5.2 

11d 100/90/6 4 8 2.32 16 0 7.2 

12a 
Rod d=25, 

l=1400 (M24 
threads) 

4 8 0 0 0 88 

12b Flat 50/6, 
l=50 4 8 1.28 8 0 1.6 

13 
Angle 

50/50/6, 
l=395 

4 8 1.28 16 0 30.4 

14 

Rod d=16, 
l=147 (30 
mm M16 
thread) 

5 10 0 0 0 2.5 

15 Rod d=62, 
l=150 2 4 2.624 0 1.2 22 

16 
Angle 

50/50/6, 
l=1200 

2 4 0.64 24 0 46 

17 
Angle 

50/50/6, 
l=1811 

1 2 0.32 32 0 34 

18 Flat 40/6, 
l=1020 1 2 0.26 8 0 8.6 

 

 

 



Foundation Steel Components Estimate (Continued) 

Part      
No. 

Description 
(mm) Quantity Quantity 

for Bridge 
Cuts      
(ft) 

Drills    
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

19a 
Rod d=16, 

l=976 (35mm 
M16 thread) 

2 4 0 0 2 12.8 

19b Washer d=18, 
IS 6610 4 8 0 0 0 4.4 

20a 
Angle 

40/40/6, 
l=330 

4 8 1.2 8 0 20 

20b Angle 
40/40/6, l=60 4 8 1.2 8 0 3.6 

21 Rod d=20, 
l=1723 2 4 0.28 0 0.4 36 

22 Hexagonal nut 
M16 IS 1363 65 130 0 0 0 7.8 

23 Washer d=18, 
IS 6610 15 30 0 0 0 1.8 

24 

Hexagonal 
Screw 

M16x40, IS 
1363 

21 42 0 0 0 8.82 

25 Hexagonal nut 
M24, IS 1363 21 42 0 0 0 9.24 

26 Bulldog Grip 
d=13 13 26 0 0 0 0 

27 Bulldog Grip 
d=26 10 20 0 0 0 0 

28 Open Thimble 
(26mm) 

2 
4 0 0 0 0 

  

 
 
 
 
 

   

 

  Cuts (ft) Drills (ea.) Paint (ft2) Weight (lb) 
TOTALS 49 270 75 1,387 

 

 

 

 

 

FASTENING HARDWARE 
CABLE FIXATION HARDWARE 

 



Foundation Welding Details 

Part No. Description 
(in mm) Quantity 

Quantity 
for 

Bridge 

Welds 
(ft) 

1 6 (1/4") fillet 1 2 5 
4 6 (1/4") fillet 2 4 117.04 
6 6 (1/4") fillet 1 8 2.36 
9 6 (1/4") fillet 1 8 16.96 
9 12 (1/2") fillet 1 4 10.88 

11 4 (1/8") fillet 1 4 24.24 
12 4 (1/8") fillet 1 8 2.36 
19 6 (1/4") fillet 2 4 2.36 
20 4 (1/8") fillet 1 8 1.52 

TOTAL 182.72 
 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

  
Cuts     
(ft) 

Drills 
(ea.) 

Paint   
(ft2) 

Weight 
(ton) 

Welds   
(ft) 

Totals 49 270 75 0.69 183 
Labor Costs $9.21 $54.00 $37.64   $73.20 
Time (days) 0.15 0.90 0.63   1.22 

 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$762.61 $174.04  2.9 
TOTAL Foundation Assembly Cost 

$936.65 
 

 

 

 

 



Anchorage General Material Calculations 

 

CONCRETE 

Type of 
Concrete 

Total 
Volume 

(m3) 

Cement 
(42.5 kg 

bags) 
Sand (m3) Gravel 

(m3) 

Plumb 
Concrete 55.39 172.03 15.51 29.91 

Lean Concrete 0.38 4.08 0.11 0.19 
TOTAL 55.77 176.11 15.62 30.10 

TOTAL for 
Both Anchors 

Block 
Stone 
(m3) 

Cement 
(42.5kg 

bags) 
Sand (m3) Gravel 

(ton) 

n/a 352 32 106 

FORMWORK 

  

Total 
Area 
(ft2) 

Plywood 
(4'x8'x3/4") 

Lumber 
(2"x6"x12') 

Nails,       
16-D 
(lb) 

TOTAL 244 7.625 3.20833333 3 

TOTAL for Both 
Anchors 

Plywood 
(4'x8'x3/4") 

Lumber 
(2"x6"x12') 

Nails,        
16-D 
(lb) 

4 4 3 
Also: 1 gal form-oil 

 

 

 

 

 

 

 

 

 

 



Anchorage Steel Components Estimate 

Part      
No. Description (in mm) Quantity Quantity 

for Bridge Cuts (ft) Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

1a Flat 80/6, l=500 4 8 2.08 48 6.4 40.8 
1b Flat 160/10, l=1100 8 16 8.32 128 57.6 440 
1c IS Square bar 80 l=150 4 8 6 8 3.2 88.8 
1d Rod d=10, l=110 8 16 0.48 0 0 27.2 
1e Rod d=45, l=1000 (600mm M45 thread) 4 8 0 0 0 188 
1f Hexagonal Nut M45 4 8 0 0 0 1.2 
2 Flat 40/6, l=460 4 8 1.04 32 0 13.6 

3a Channel ISMC 200-500 4 8 5.28 8 20 186.4 
3b Plate 183/60/10 8 16 9.6 0 4.8 4.8 
3c Plate 480/180/8 4 8 4.72 8 6.4 88 
3d Plate 200/66/10 8 16 10.4 0 4.8 35.2 
3e Plate 220/100/12 8 16 5.12 16 4.8 59.2 
4 Pin d=90, l=180 2 4 1.08 0 0 70 
5 Split pin d=8, l=150 4 8 0 0 0 0.96 

6a Channel ISMC 125-1000 8 32 13.12 320 0 864 
6b Plate 120/120/6 8 32 12.8 128 0 44.8 
7 Flat 40/6, l=1160 4 8 1.04 32 0 37.6 
8 Angle 50/50/6, l=530 4 8 1.28 48 0 48.8 
9 Flat 100/10, l=1700 16 32 10.56 256 0 928 

10 Angle 50/50/6, l=1500 2 4 0.64 24 0 66 
11 Angle 50/50/6, l=1490 2 4 0.64 28 0 58 
12 Angle 50/50/6, l=1400 2 4 0.64 28 0 54 
13 Hexagonal Nut M45 13 26 0 0 0 54.6 
14 Hexagonal Bolt M12x40 IS 1363 75 150 0 0 0 18 
15 Hexagonal bolt M16x60 IS 1363 100 200 0 0 0 60 
16 Hexagonal nut M12 IS 1363 75 150 0 0 0 5.7 
17 Hexagonal nut M16 IS 1363 100 200 0 0 0 14 
18 Plain washer d=17 100 200 0 0 0 7 
19 Rod d=25, l=2650 2 4 0.36 0 0 98 

 

FASTENING HARDWARE 
CABLE FIXATION HARDWARE 

 

  Cuts (ft) Drills (ea.) Paint (ft2) Weight (lb) 
TOTALS 95 1112 108 3603 

 



Anchorage Welding Details 

Part 
No. 

Description          
(in mm) Quantity 

Quantity 
for 

Bridge 

Welds 
(ft) 

1 6 (1/4") fillet 2 4 15.2 
3 6 (1/4") fillet 2 4 30.4 
3 8 (3/8") fillet 2 4 3.52 
6 6 (1/4") fillet 16 32 52.48 

Total 101.6 
 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

  Paint 
(ft2) 

Cuts          
(ft) 

Drills 
(ea.) 

Welds 
(ft)   

Totals 102 95 1112 108 
Labor Costs $40.80 $17.81 $222.40 $98.18 
Time (days) 0.68 0.30 3.71 1.64 

Weight (ton) 1.8   
 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$1,980.00 $379.19  6.32 
TOTAL Anchorage Assembly Cost 

$2,359.19 
 

 

 

 

 

 



Total Tower Fabrication Costs 

Total 
     

  
Cuts 
(ft) 

Drills 
(ea.) Paint (ft2) Weight 

(tons) 
Weldin

g (ft) 

TOTAL 
152.8

3 1968 891.50 2.44 518.34 

COST 
($) 28.66 393.6

0 133.02 2682.52 207.34 

Time 
(days) 0.48 2.19 2.22   3.46 

   

Total Tower Steel 
Assembly Cost $3,334.74 

 
      
      Base Element 

    
  Cuts (ft) Drills 

(ea.) Paint (ft2) Weight 
(tons) 

Welding 
(ft) 

TOTALS 44.05 80 110.83 0.31 147.00 

 
Tower Base Steel Assembly Cost $411.76  

      
Intermediate 
Element 

    
  Cuts (ft) Drills 

(ea.) Paint (ft2) Weight 
(tons) 

Welding 
(ft) 

TOTALS 56.69 1504 674.23 1.81 220.68 

   

Tower Intermediate Steel 
Assembly Cost $2,433.67 

 
      Top Element 

    
  Cuts (ft) Drills 

(ea.) Paint (ft2) Weight 
(tons) 

Welding 
(ft) 

TOTALS 2.56 232.00 60.98 0.17 32.72 

 
Tower Top Steel Assembly Cost $249.55 

 
      Saddle 

     
  Cuts (ft) Drills 

(ea.) Paint (ft2) Weight 
(tons) 

Welding 
(ft) 

TOTALS 49.53 152 45.46 0.15 117.94 

 
Tower Saddle Steel Assembly Cost $239.76 

  

 



Tower Base Components Estimate 

Part No. Description              
(in mm) Quantity 

Quantity 
for 

Bridge 

Cuts             
(ft) 

Drills            
(ea.) 

Paint                 
(ft2) 

Weight              
(lb) 

B-1a 
Angle 

65/65/6           
l = 1551.5 

8 16 18.1 80 66.1 311.5 

B-1b 
Rod ø 14 

mm            l = 
1461 

4 8 0 0 0.0 31.2 

B-1c Plate            
270/200/6 4 8 7.1 0 9.3 43.9 

B-1d Plate                
200/197.5/6 4 8 5.2 0 6.8 29.1 

B-1e Plate                  
250/103.5/6 4 8 2.7 0 4.5 15.7 

B-1f Plate                
388/60/6 8 16 3.1 0 8.0 38.4 

B-1g Plate                 
60/48/6 4 8 1.6 0 0.5 2.3 

B-1h Plate                 
240/150/6 2 4 2.0 0 3.1 15.0 

B-1i Plate              
334.5/150/6 4 8 3.0 0 8.6 94.9 

B-1j 

IS heavy 
tube O.D. ø 

48.3             
l=150 

4 8 1.3 0 4 11.6 

B-2 

Friction grip 
bolt M 16 x 

50                     
IS 3757-8.8 

42 84 0 0 0 22.2 

B-3 
Friction grip 
nut    M 16                              
IS 6623-8 

42 84 0 0 0 8.7 

B-4 
Washer 'A' 
17              IS 

6649 
45 90 0 0 0 2.8 

 

 

  Cuts (ft) 
Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

TOTALS 44 80 111 627 
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Tower Base Estimate Welding Details 

Description         
(in mm) 

Welding 
(ft) 

2x4_4 7.8736 
2x6_6 65.6248 
Totals 73.4984 

 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

  
Cuts                  
(ft) 

Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(ton) 

Welds 
(ft) 

Totals 44 80 111 0.31 74 
Labor 
Costs $8.25 $16.00 $16.91   $29.60 
Time 

(days) 0.14 0.27 0.28   0.49 
 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$341.00 $70.76  1.18 
TOTAL Base Assembly Cost 

$411.76 
 

 

 

 

 

 

 

 



Tower Intermediate Steelparts Estimate 

Part No. Description          
(in mm) Quantity Quantity 

for Bridge 
Cuts               
(ft) 

Drills                   
(ea.) 

Paint                
(ft2) 

Weight               
(lb) 

I-1a 
Angle 

65/65/6       
l = 1850 

16 64 13.6 640 316.1 1499.8 

I-1b 
Rod ø 14 

mm                 
l = 2164 

8 32 0 0 32.8 184.8 

I-1c 
Rod ø 14 

mm               l 
= 2536 

8 32 0 0 38.4 216.6 

I-2a 
Rod ø 10 

mm                   
l = 3709 

4 16 0 0 20.1 81.1 

I-2b 
Angle 

60/40/6               
l = 2505 

8 32 6.3 128 162.2 773.2 

I-3 Plate              
380/296/6 4 16 15.5 224 38.7 182.0 

I-4 
Angle 

80/80/8               
l = 380 

8 32 8.4 320 39.8 247.6 

I-5 Plate              
380/62/6 8 32 6.5 128 16.2 75.5 

I-6 Plate               
240/240/6 2 8 6.3 64 9.9 46.4 

I-7 

Friction grip 
bolt M 16 x 

50                  
IS 3757-8.8 

193 772 0 0 0 204.2 

I-8 
Friction grip 

nut M 16                    
IS 6623-8 

193 772 0 0 0 80.0 

I-9 Washer 'A' 
17    IS 6649 193 772 0 0 0 23.8 

 

 

  Cuts (ft) 
Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

TOTALS 57 1504 674 3615 
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Tower Intermediate Welding Details Estimate 

Part No. 
Description 

(in mm) 
Welds 

(ft) 
part I-1 2x6_6 80.3344 
part I-2 2x6_6 30.0064 

Totals 110.3408 
 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

 
Cuts (ft) 

Drills 
(ea.) Paint (ft2) 

Weight 
(ton) 

Welds 
(ft) 

Totals 57 1504 674 1.8 110 
Labor 
Costs $10.69 $300.80 $98.18   $44.00 
Time 

(days) 0.18 5.01 1.64   0.68 
 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$1,980.00 $453.67  7.51 
TOTAL Intermediate Assembly Cost 

$2,433.67 
 

 

 

 

 

 

 

 



Tower Top Element Steel Components Estimate 

Part No. Description       
(in mm) Quantity 

Quantity 
for 

Bridge 

Cuts                
(ft) 

Drills               
(ea.) 

Paint             
(ft2) 

Weight             
(lb) 

T-1a 
Angle 

60/40/6        
l = 1590 

4 8 1.6 32 25.7 122.8 

T-1b 
Rod ø 10 

mm              l 
= 2536 

2 4 0 0 3.4 13.8 

T-2 Plate           
420/360/6 4 8 0 120 22.9 107.9 

T-3 Plate             
310/65/6 

8 16 0 64 6.4 32.1 

T-4 

Friction grip 
bolt M 16 x 

50                     
IS 3757-8.8 

60 120 0.0 0 0.0 31.7 

T-5 
Friction grip 

nut M 16                    
IS 6623-8 

60 120 0.0 0 0.0 12.4 

T-6 
Washer 'A' 
17            IS 

6649 
60 120 0.0 0 0.0 3.7 

T-7 
Angle 

75/50/6         
l = 240 

2 4 1.0 16 2.5 11.5 

 

 

  Cuts (ft) 
Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

TOTALS 3 232 61 336 
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Tower Top Element: Welding Details Estimate 

Part No. Description 
(in mm) 

Welds 
(ft) 

T-1 2x6_6 16.36 
Total 16.36 

 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

 

Cuts              
(ft) 

Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(ton) 

Welds 
(ft) 

Totals 3 232 61 0.17 16 
Labor 
Costs $0.48 $46.40 $9.27   $6.40 
Time 

(days) 0.01 0.77 0.15   0.11 
 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$187.00 $62.55  1.04 
TOTAL Top Assembly Cost 

$249.55 
 

 

 

 

 

 

 

 



 

Tower Saddle Element Steelparts Estimate 

Part No. Description           
(in mm) Quantity 

Quantity 
for 

Bridge 

Cuts           
(ft) 

Drills           
(ea.) 

Paint           
(ft2) 

Weight              
(lb) 

S-1a Plate              
170/65/6 8 16 3.4 32 3.8 16.6 

S-1b Plate           
288/170/6 4 8 4.5 48 8.4 39.7 

S-1c Plate           
388/202/8 4 8 10.2 0 13.5 76.7 

S-1d Plate           
144/144/6 

2 4 1.9 0 1.8 6.3 

S-1e Plate            
388/144/6 

2 4 1.9 8 2.4 23.0 

S-1f Plate           
391/90/8 4 8 10.3 0 1.5 10.4 

S-1g Plate 
430/170/12 

2 4 5.6 16 6.3 44.6 

S-1h Plate             
120/50/14 

4 8 3.1 16 1.3 8.1 

S-1i Plate 
122/100/10 

8 16 6.4 16 4.2 28.6 

S-2 Plate 
170/120/20 

2 4 2.2 16 2.3 25.7 

S-3 

Friction grip 
bolt M 20 x 

120             IS 
3757-8.8 

9 18 0 0 0 15.1 

S-4 
Friction grip 

nut M 20                       
IS 6623-8 

9 18 0 0 0 3.1 

S-5 
Washer 'A' 
21           IS 

6649 
9 18 0 0 0 0.8 

S-6 Cotter pin 9 18 0 0 0 0.1 
 

 

  Cuts (ft) 
Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(lb) 

TOTALS 49.53 152.00 45.46 298.80 
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Tower Saddle Element Steelparts Estimate 

Part No. Description            
(in mm) 

Welding             
(ft) 

S-1-6 2x8_8 18.7392 
S-1-6 2x6_6 32.2512 
S-1-6 5 7.0368 
S-1-6 3 8.9232 

Total 66.9504 
 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

  Cuts (ft) Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(ton) 

Welds 
(ft) 

Totals 50 152 45 0.15 67 
Labor 
Costs $9.38 $30.40 $8.18   $26.80 

Time 
(days) 0.16 0.51 0.14   0.45 

 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$165.00 $74.76  1.25 
TOTAL Saddle Assembly Cost 

$239.76 
 

 

 

 

 

 

 



Cables General Material Calculations 

Material Description QTY 
Price/ 

Unit 
($) 

Transpor
tation 

Costs ($) 

Cost of 
Mat’ls 

($) 

Total 
Cost 
($) 

Donated
? 

Actual 
Cost 
($) 

Main Cable (ft) 

2 EA. (1-
3/8")X297 

ft 6x37 
IWRC 

Drawn 
Galvanized 

EIPS 

594 5.23 

4487 

3106.6
2 

7593.6
2 Y 0 

Spanning 
Cable (ft) 

2 ea. 1" X 
193 ft 386 2.96 1142.5

6 
1142.5

6 Y 0 

Fixiation and 
Handrail 

Cables 

4 ea. (x2) 
1/2" X 193 

ft 
772 1.02 787.44 787.44 Y 0 

1-3/8" Forged 
Wire Rope 

Clips 
  28 6.95 194.60 194.60 Y 0 

1" Forged 
Clips   20 4.00 80.00 80.00 Y   

1/2" Forged 
Clips   24 1.42 34.08 34.08 Y 0 

1-3/8" Heavy 
Duty Thimble   4 12.93 51.72 51.72 Y 0 

1" Heavy Duty 
Thimble   

4 5.43 21.72 21.72 Y 0 

1/2" Heavy 
Duty Thimble   

8 0.78 6.24 6.24 Y 0 

Total 4487 
5424.9

8 
9911.9

8   4566.6 
 

 

 

 

 

 

 

 

 



 

Total Transportation Cost (Dollars) 4452 
 

Material Transportation Costs 

Material Unit Weight 
(lbs/ft) 

Length 
(ft) 

 
Weight/pc

s 
Pcs Weight 

(Ibs) 
Weight 
(tons) 

Main Cable (ft) 3.5 594     2079 1.040 
Spanning Cable 

(ft) 1.85 386     714.1 0.357 

Fixation and 
Handrail Cables 0.46 772     355.12 0.178 

1-3/8" forged 
wire rope clips     4.6 28 128.8 0.064 

1" forged clips     2.6 20 52 0.026 
1/2" forged clips     0.8 24 19.2 0.010 

1-3/8" heavy 
duty thimble     12.95 4 51.8 0.026 

1" heavy duty 
thimble     3.139 4 12.556 0.006 

1/2" heavy duty 
thimble     0.51 8 4.08 0.002 

Total  3416.66 1.708 
 

From Panama City to Tole 
(Assume 1 trip in total) 

Total (Dollars) 322 

 

From Virginia to Panama City 
Total (Dollars) 4130 

From Tole to Chichica 

Material Loading Capacity 
(Tons/ trip) 

Trips 
QTY 

 Trips QTY 
/day 

Unit Price 
(Dollars/ day) 

Price 
(Dollars) 

Main Cable (ft) 1 1.04 3 35 12.13 
Spanning Cable (ft) 1 0.36 3 35 4.17 

Fixiation and Handrail Cables 1 0.18 3 35 2.07 

1-3/8" forged wire rope clips 1 0.06 3 35 0.75 

1" forged clips 1 0.03 3 35 0.30 
1/2" forged clips 1 0.01 3 35 0.11 

1-3/8" heavy duty thimble 1 0.03 3 35 0.30 
1" heavy duty thimble 1 0.01 3 35 0.07 

1/2" heavy duty thimble 1 0.00 3 35 0.02 
Total (Dollars) 19.93 
Total (Dollars) 35 



Suspenders Steel Components Estimate 

Part No. Description 
(mm) Quantity Quantity for 

Bridge Cuts (ft) Drills 
(ea.) Paint (ft2) Weight 

(lb) 

1a Flat 40/10 
l=254 1 90 _ _ _ 224.64 

1b 
Rod Ø 12 of 

different 
lengths 

_ 226 8.90 _ 116.91 493.175 

1c Flat 65/1 
l=110 1 90 19.20 270 11.7 102.978 

1d Rod Ø 12 
l=510 1 90 3.5433 _ 17.1 90.081 

2 Plate 
80/70/3 2 180 41.346 720 18 48.816 

3 

Hexagonal 
Bolt M 

16*90 IS 
1363 

1.05 95 _ _ _ 35.211 

4 
Hexagonal 

Nut M 16 IS 
1363 

2.1 189 _ _ _ 13.334 

5 

Hexagonal 
Screw M 
10*25 IS 

1363 

4.2 378 _ _ _ 20.835 

6 
Hexagonal 

Nut M 10 IS 
1363 

4.2 378 _ _ _ 6.668 

 

 

 
Cuts (ft) 

Drills 
(ea.) 

Paint 
(ft2) Weight (lb) 

TOTALS 73 990 164 1036 
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Suspenders Welding Details Estimate 

Part No. Description 
(mm) Quantity Quantity 

for Bridge 
Welds 

(ft) 

1b 8 (3/8") 
fillet 2 452 45.2 

1c 6 (1/4") 
fillet 4 360 44.496 

Total 89.696 
 

 
Cost of Steel : 

 
 

$1100/ton 
 Cost of Fabrication: 

Cutting - (320 ft/day) 3 steelworkers @ 
$2.50/hour per 

steelworker, 8 hour 
workday 

Drilling - (300 ea./day) 
Painting - (1.1 tons/day) 
Welding -(150 ft/day) 

 

 

Cuts (ft) Drills (ea.) Paint (ft2) Weight 
(ton) Welds (ft) Loops 

(loop) 
Totals 73 990 164 0.00 89.696 226 
Labor 
Costs $13.68 $198.00 $0.00 - $37.31 $188.33 

Time 
(days) 0.23 3.30 0.00 - 0.60 3.139 

 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$569.66 $465.58  8 
TOTAL Suspenders Assembly Cost 

$1,035.24 
 

 

 

 

 

 

 



Walkway Components Estimate 

Part 
No. 

Description             
(mm) Quantity Quantity 

for Bridge 
Cuts         
(ft) 

Drills          
(ea.) 

Paint             
(ft2) 

Weight            
(lb) 

1-a 
Angle 

50/50/6               
l = 1520 

8 16 2.6 96 49.2 239.1 

1-b Flat 65/6                         
l = 156 4 8 1.7 24 1.7 7.9 

1-c Flat 65/6                        
l = 300 4 8 0.0 0 0.0 0.0 

1-d Flat 65/6                       
l = 100 4 8 1.7 8 11.8 5.2 

2 Flat 40/6                         
l = 1720 4 8 1.0 24 4.5 57.1 

3 Rod   ø 16                     
l = 437 8 16 0 0 8.0 22.5 

4 Flat 40/6                       
l = 88 4 8 0.2 8 0.5 2.8 

5 

Hexgonal 
bolt          M 

16 x 50                    
IS 1363 

2 4 0 0 3.1 0.9 

6 
Hexagonal 
Nut M 16                                   
IS 1363 

4 8 0 0 8.6 0.6 

7 

Hexgonal 
bolt        M 12 

x 70                
IS 1363 

4 8 0 0 4 1.3 

9 
Hexagonal 
Nut M 12                                   
IS 1363 

42 84 0 0 0 3.3 

9 
Plain 

Washer       ø 
13 

42 84 0 0 0 1.5 

10 Wire Nail ø 5          
l = 100 

45 90 0 0 0 3.0 

11 Binding Wire          
ø 1.6 n/a 9 m 0 0 0 0.0 

 

 

 
Cuts (ft) 

Drills 
(ea.) 

Paint 
(ft2) Weight (lb) 

TOTALS 9 160 95 361 
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Walkway Miscellaneous and Welding Details Estimate 

Misc. 

Description             
(in mm) 

Quantity 
for 

Bridge 

Cuts              
(ft) 

Drills          
(ea.) 

Wire Mesh 
Netting 

(4x12 ft) 
31 _ _ 

Longitudinal 
planks                         

l = 239 cm 
Thickness = 

5 cm 

157.5 1234.674 185.2011 

Nailing Strip 
120/18/5cm 45 177.12 26.568 

TOTAL 1411.794 211.7691 
 

Welding Details: 
Description (mm) Welds (ft) 

4 mm fillet 11.182 
 

 

  Cuts (ft) Drills 
(ea.) 

Paint 
(ft2) 

Weight 
(tons) 

Welds 
(ft) 

TOTALS 8.95 160 94.80 0.18 11.18 
Costs $ 1.68 32   198.85 4.47 

  
 

Cost  Time Required for 
Fabrication (Days) Material Labor 

$198.00 $47.91  0.80 
TOTAL Walkway Assembly Cost 

$245.91 
 

 

 

 



Supplier

Cost of Material

8.9
15.95
13.90
25.00
5.00
9.50
2.00
30
2.00
37.00
27.95

Location
Chichica

Cost/Day

$45.00

Supplier

Cost of Material

6.20
528.58

Location
David, Panama

Cost of Material

225.00
30.00
150.00

65.00

Material and Equipment Within Panama

Unit of Material

http://www.cochezycia.com      775‐
7864

Supplier Information

General Purpose Portland Cement
Gravel

Santiago, America Way 
(Vía Interamericana), 
Balboa Ave Panama

Cochez

Location of Supplier

Rebar, #3
Plywood, 3/4"x4'x8'

Southern Pine, 2"x6"x14'
Tie Wire

Material/Description

Supplier Information
Airco Equipment Sales 774‐4456

Location

Transport from Santiago to Tole 90.00
per trip, 2 
trips/day

per board
per 100 lb
per pound
per roll

per gallon

16 Penny Nails
Wire Mesh Fencing, 4'x12' Section

Metal Surface Paint

per 42.5kg bag
per 20cft

http://www.hopsa.com
Hopsa

Santiago/David,       
Panama

2

Jessica Rudder
Objective

Supplier Supplier Information
Peace Corp Volunteer

Trips/Day

per 1 cubic m
per cubic yard
#3 40' section
per sheet

Sand
Masonry Block

Material/Description Unit of Material

4'x8' corrugated plastic sheets
2 in outlet water pump

per sheet
each

Supplier Information
medinatoolrental@yahoo.comMedina Tool

Supplier

Material/Description Unit of Material

7kw, gas powered Generator

Transportation from Tole to Chichica

per week
per day
per week

per week
can also get drill bits

per trip from 
David to tole

100.00

2 in outlet, gas powered water pump

Jackhammer/Chipper 90 lb with an 
Air Compressor

Electric Drill

125.00 per day

Transport



Material/Description Cost of Material

Pionjar 
jackhammer/vibrator 231.63

Task Force 16 Oz. 
Smooth Hammer 3.98

Kobalt 25' Metric and  10.98
Kobalt 12" Finishing  15.98
Truper 47" Fiberglass 
Long Handle Round‐
Point Shovel

9.98

True Temper 4 Cu. Ft.  34.97
Chain Saw 109
Oregon 2‐Pack 14" 
Replacement Saw 
Chain

19.96

Stanley 15" Hand Saw 13.98
Poulan Pro Quick Start 
Oil Kit 5.68

Encore Plastics 5‐
Gallon Gray Pro Logo 
Pail

2.78

Fi‐Shock High‐Tensile 
Wire Cutters 24.12

Blue Hawk 3" Deck 
Screws 2.97

High Test Chains
Pulley Blocks (5 ton)
Pulley Machine             
(3.2 ton)
Come Along (2 ton)
Rope (100ft)
Hooks
Pulley Machine              
(1760 lb)
Pulley Blocks (4 ton)

Wire Rope, 36 mm
Wire Rope, 26 mm
Wire Rope, 13 mm
Wire Clips
Thimbles

each

each

each

each

Material and Equipment Outside Panama

Unit of Material

 www.maystrailequipment.com
Lowe's http://www.lowes.com/

Northern Tool & Equipment www.northerntool.com

Heco Slings Corporation www.hecoslings.com

each

Mays Trail Equipment

each

per month

each

each

each

Supplier WebsiteSupplier

each

each

each
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